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Bionomics and Control of the Potato 
Leafhopper 
Empoasca mali Le Baron 
By F. A. FENTON AND ALBERT HAUTZELL 
The potato leafhopper (EmpoasCCl mali, LeB) is the most seri-
ous insect pest affecting the potato crop in Iowa, and probably 
in the Mississippi valley. 'l'hru its feeding activities, it procLuces 
a pathological condition in the leaves of many of its host plants 
which is characterized by a distortion of the leaf veins, especially 
near the tip and a yellowing of the tissue supplied by them 
around the margin and at the tip. Often this yellowing is followed 
by a necrosis of the leaf tissue. Especially is this true on the 
potato and with this plant the burning is accompanied by a 
rolling upward and inward of the leaf margin. 
On the potato this cLiseased condition has been known as tip-
burn but it is now termed hopperburn. All stages of the leaf-
hopper carry the specific poison that affects the leaves in this 
way, but the nymphs, and especially the third, fourth and fifth 
instal's, are by far the n:ost potent carriers. 
Climatic or soil conditions do not influence the production of 
this disease in any way except as the former affects the meta-
morphosis of the nymphs. Early plantecL potatoes apparently 
suffer more from hopperburn, but Gomparative yields show that 
late planted potatoes are injured as much. This is due to the 
fact that the seconcL brood of the leafhopper nymphs is also 
developed at the critical time of tuber production just as was 
the case with the first generation on early planted varieties. 
Of the five different kinds of potatoes studied, Bliss Triumph 
is the most susceptible variety, followed by Early Ohio, Irish 
Cobbler, Green Mountain, and Rural New Yorker varieties in 
the order listed. This varietal susceptibility is not due to inher-
ent resistance but rather to host selection by the ovipositing 
females, which is dependent on the growth habit of the plant . . 
In Iowa Empoasca mali is usually two brooded, but in cool 
summers, followed by early frosts it has only one and a partial 
second generation. 
It winters in the adult stage, the adults becoming" active in 
late April and early May. At this time the insects feed on sev-
Aral different species of succulent weeds, especially curly dock, 
Rttmex crisp us, L. At a certain period, which usually oc-
curs in June and. which depends upon sexual maturity of the 
snecies and climatic conditions, a dispersal or migratory flight 
takes place to potatoes, beans, apple trees and other host plants. 
lOrder Flo !llopte'rn: family Cicadellidae. 
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After this flight the females begin laying eggs in potato vines 
and continue oviposition thruout July. Egg deposition by the 
over-wintered females is mostly over with early in August. The 
first brood nymphs usually appear on early potatoes about the 
middle of June and may be found to some extent on the 
vines thruout the greater part of August. By the end 
of this month they have usually matured into the summer 
generation of adults. These begin appearing on potatoes 
late in June and by the middle of July are very numerous. 
At this time a second dispersal flight to late potatoes takes 
place, following which, in August and early September, a second 
brood of nymphs is produced. The second generation of adults 
mature from late August up until frost, when the potatoes 
are deserted for succulent weeds and the more hardy plants 
that have survived the early cold weather. Here a few remain 
until these plants in turn succumb to freezing weather, after 
which the insects disappear. 
Home-made bordeaux mixture, 4-4-50 formula, is an effective 
spray for the control of the potato leafhopper and the preven-
tion of hopperburn. Three sprays should be applied, the first 
when the adults become abundant on the plants, and the second 
and third at ten days to two weeks intervals. For the south 
to central part of Iowa, June is the critical month during which 
these sprays should be applied and for the central to northern 
part of the state, the plants should be sprayed in July. 
PART I. BIONOMICS 
HISTORICAL 
The potato leafhopper was first described by Le Baron (42) 
under the scientific name Tettigonia mali from specimens col-
lected on apple in Illinois. Since then, according to Van Duzee 
(65) the insect has been redescribed under several other scienti-
fic names by various authors, but the species is now placed in 
the genus Empoasca (Walsh). The first reference under its 
correct name, Empoasca maW, was made by Gillette (29). 
The earlier records of this form have been as an apple pest 
and in many instances the. injury was confused with at least 
two different species of leafhoppers2. It is difficult in reviewing 
the literature to refer all the previous observations to their re-
1 Svn('nom~' of E. 'I1~ali. 
Tcttigonia mali (Le Baron), ] 853 
JiJmpoasca (mali not included) (Walsh), 1862 
T1fphlocyba vhytovhila (Berg) , 1879 
]1Jmpoa (Uhler), 1883. 
Empoa albopicta (Forbes), 1883 
]1Jml,oasca albopicta (Woodworth), ] 889 
Eml,oasca mali (Gillette), 1890 
~B1Iil)Oa8Ca un,'icoloT, Empoo .. '"08aC, 
3~Ob 
Plate 1. The Potato Leafhopper and Hopperburn 
A. Potato leaf s howing first stage of hopperburn. 
B. Potato leaf showing adv·anced stage of hopperburn. 
C. Potato leaf showing late s tage of hopperburn. 
D. Potato leaf showlng E. unscald. 
E. Potato leaf show ing greenhouse burning. 
F. Potato leaf showing tipburn. 
G. Egg of E'Inpoosca 7JULli. 
H. to L. First to fifth instal'S of E 1H pOctSCa 1II.aZL 
M. Adult Empoasca m ali. 
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spective species. Forbes (24, 25) noted that the eggs were laid 
on apple in early summer and the winter was passed in the adult 
stage. 
Osborn (45) recorded it as a pest of potatoes for the first 
time. Forbes and Hart (27) stated that the species was four 
brooded in Illinois. Washburn (51) reported it as a serious 
pest of apples in southern Minnesota and gave preliminary notes 
on life history. Webster (57) concluded that the winter was 
passed in the egg stage1 and that there were four broods a 
year in Iowa, while Washburn (55, 56) reporting on work 
done in Minnesota stated that the insect was three brooded. 
Parrott (48) was the first to differentiate between the species 
occurring on apple and showed that the earlier workers had con-
fused three closely related species2 of leafhoppers. H e also re-
corded E. mali as injurious to potato in New York. 
To Lathrop (39, 40 ) belongs the credit of working out the 
first clues to the life histories of the three species of leafhoppert:. 
infesting apple. He found that E. mali in the latitude of New 
York had two generations a year and that the adult hibernated. 
On the other hand, he showed that E. ttnicolor passed the winter 
in the egg stage in the bark of apple and was single brooded" 
while Empoa rosae produced a second generation on apple but 
wintered in the egg stage mainly on rose bushes. Ball (3) sug-
gested that the name potato leafhopper be given this insect to 
distinguish it from the other closely related species found on 
apple, because potato was its favored host plant. Ackerman (1), 
from a study of the insect as a nursery pest, proved that the 
eggs were laiC!, in the leaves of apple and that there was no 
evidence of the winter being passed in the egg stage. Fenton 
and Hartzell (18) observed the spring and summer dispersal 
flight of the adults and found that the life cycle of this species 
on potato was practically identical with that on apple. Longe-
vity experiments with over-wintering females, Hartzell (33) 
indicated a total length of life of about 12 months. Beyer (7, 8) 
found that the insect was six brooded on beans in Florida and 
that there the egg laying period extended from March to Decem-
ber. 
DISTRIBUTION 
The potato leafhopper is widely distributed thruout the Uni-
ted States and is found in greatest abundance in the eastern 
area of the upper Austral Life Zone. Van Duzee (65) listed 
the species from Maine, New York, New Jersey, Pennsylvania, 
District of Columbia, Virginia, North Carolina, South Carolina, 
Florida, Mississippi, Ohio, Kentucky, Tennessee, Michigan, Indi-
'Probably eggs of E . unicolor. 
2Empoasca mali, E. unicolor, Empoa rosae. 
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ana, Illinois, Missouri, and Kansas. The insect has been reported 
by other writers from nearly every state in the Union and in 
the Western Hemisphere, outside the United States, from Nova 
Scotia, Ontario, British Columbia, Mexico, Porto Rico and Ar-
gentina. So far as is known, this form does not occur in Europe. 
FOOD PLANTS 
A long list of food plants shows that the insect is a general 
feeder and that it has a variety of hosts. 'fhe more important 
economic plants on which reproduction takes place and hopper-
burn occurs are potatoes, beans, sugarbeet, hemp, raspberry, and 
apple. It also attacks white birch and several other ornamentals. 
The species probably does not breed on a great variety of 
hosts but occasionally feeds on a number of them. Decided pre-
ference was shown for potato, beans, clover, alfalfa and beets, 
in the order named. Of course this host selection varies with the 
development of the plant and in different seasons of the year. 
Tn early spring the adults are commonly seen on curly dock while 
a little later in the season they migrate to potatoes and other 
cultivated crops. During the latter part of the summer, when 
lignification sets in, all stages may be found again on the more 
succulent weeds. This was illustrated during August 1920, 
~Ifter the death of the late potato vines. The adults and nymphs 
fed on curly dock until frost, and the writers are of the opinion 
that this plant serves as a connecting link in the food supply 
betwPfll late potatoes in the fall and early potatoes in the spring. 
It is one of the earliest appearing weeds in this' section and has 
a very sncculent growth. 
A number of experiments were conducted with curly dock, 
Carolina poplar) pigweed, and broad leaf plantain to determine 
on which of these plants a complete generation could be reared. 
Negative results were obtained with all except the first named. 
DESCRIPTION OF THE INSE(fT' 
ADULT 
The adult, or mature potato leafhopper (plate I fig. M) is a 
tiny pale green insect averaging three. millimeters in length. 
The markings are quite variable in number and arrangement 
but when viewed under the microscope in the typical specimen 
a more or less distinct "H" pattern is found on its body be-
tween the head and the base of the wings. Usually there are 
six white circular spots above this "H" and three triangular 
ones below it. Individuals occur in which these markings are 
very indistinct and all gradations may be found up to the typical 
pattern mentioned above. The adults are very active and upon 
the least disturbance seek safety in flight. 
'Descriptions .are taken from Ackerman (1) and Lawson (41) with additions by the 
writers. 
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Form: Length, 3.12 mm. Vertex one-third longer on middle than 
next to the eye, distinctly produced, less than twioce as wide as long. 
Pronotum twice as wide as long, anterior margin about equal, poste-
rior margin distinctly emarginate. Elytra long and narrow. 
Color: Yellowish green to pale green. Vertex with median line, 
dashes on either side anteriorly and posteriorly, wide. Pronotum with 
six, sometimes witn eight, white spots along anterior margin. Scutel-
lum with a white "H" on anterior portion, and three white lines on 
posterior half. Elytra greenish, sometimes smoky with iridescent 
tints. Face yellowish above, greenish below, with white median line 
and other white markings between it and the eyes. 
External genitalia: (plate II, figs. A\ B') Female, last ventral 
segment long, posterior margin slightly produ-ced or truncate; pygo-
fers rather robust, spiny mesally, exceeded by the ovipositor. Male, last 
ventral segment very large, posterior margin rounding; plates long and 
narrow. Apices obtuse, upturned, and laterally compressed, thickly 
covered with white hairs and spines; pygofers very short, completely 
covered by the plates. 
Internal male genitalia: (plate II , fig. B) Styles long and slen-
der, sinuate; connective the form of an equilateral triangle with 
the corners rounded and the sides slightly concave; oedagus long and 
slender, very slender basally, then widening and again narrowing to 
tip when viewed laterally. Viewed dorsally it is enlarged apically into 
a blunt spearhead. 
EGG 
The eggs are very small and difficult to find as they are laid 
in slits in the leaf veins, petioles and stems of the potato plant. 
After they hatch the leaf tissue dries and forms a sunken dis-
colored pit marking their previous location (plate II fig. H). 
The egg (plate I, fig. G) is elongate, subcylindrical, slightly curved, 
tapered, somewhat rounded at both ends, and of a translucent greenish 
color. It is transparent at first, but later the eye spots develop a 
reddish cast which may be distinctly seen thru the white cap at 
the anterior end. Average length 0.82 mm., width 0.25 mm. 
NYMPHS 
The pale green nymphs are so slr..all at first that they are 
scarcely visible. 'l'hey pass thru five stages of growth, develop-
ing wings in the adult stage. 
First instar: (plate I, fig. H) Color pale white, changing to a 
light yellowish green after feeding. Eyes dull red. Small pale spines 
on the dorsal side of the head, thorax and abdomen; the latter with 
four spines to each segment arranged in two longitudinal rows along 
each side, one spine situated dorso-laterally, the other ventro-laterally. 
Posterior margin of metathorax blunt. First two segments of an-
tennae pale, the remainder dusky. Average length of 16 specimens, 
1 mm. 
Second instar: (plate I, fig .. 1) General color light yellowish green. 
Eyes lose some of their red color. Posterior border of metathorax 
sharp in outline. First two segments of antennae light yellow, remain-
der dusky. Average length 16 specimens, 1.30 mm. 
IV 
Plate II. The Potato Leafhopper 
A. Phantom view of female pygidium showing ovipositor and accessory s tructures. 
A'. Ventral view of female pygidium. 
B. Phantom view of male pygidium. 
B'. Ventral view of male pygidium. 
C. A nagru8 ar>natu8. egg pal'asite of E . mali. 
D and E. Elytron and hind wing of adult E. >nali. 
F. Face of E. mali showing mouth parts. 
G. Feeding nymph. 
H. Partly dissected leaf vein showing eggs in situ and egg scars. 
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Third instar: (plate I, fig. J) General color pale yellowish green. 
Eyes almost pearl white. Body more robust than in first two stages. 
Wing pads appear as lateral buds extending to the hind margins of 
the first abdominal segment. Spines darker and more prominent. 
Average length of 16 specimens, 1.85 mm. 
Fourth instar: (plate I, fig. K) Head and thorax yellowish green; 
abdomen yellow in color. Eyes pearl white. Wing pads extend to 
hind margin of second abdominal segment. Spines prominent. Aver-
age length of 16 specimens, 2.10 mm. 
Fifth instar: (plate I, fig. L) Head and thorax pale green; abdo-
men yellow. Eyes dull white. Wing pads extend to or nearly to the 
hind margin of the fourth abdominal segment. First two antennal 
segments green, remainder dusky. Body broader than previous stage. 
A verage length of 16 specimens, 2.60 mm. 
LIFE HISTORY 
METHODS OF STUDY 
In order to devise satisfactory means for the control of this 
insect, it was necessary to study its life history on potato, of 
which little was known at the time this work was begun, owing 
principally to the fact that these leafhoppers were so minute, 
active and difficult to keep alive under artificial conditions. 
The problem of the life cycle was very largely one of proper 
technique. Much time was therefore spent in perfecting methods 
and devices for keeping this species under observation for a 
sufficient length of time to determine its bionomics. 
A lantern globe cage with the opening at the top covered by 
means of a very fine brass wire screen (20 meshes to the linear 
inch), proved to be the most successful in our breeding experi-
ments. This screen was soldered to a galvanized collar and 
fitted as a lid on the top of the globe. By plugging the spaces 
between the galvanized iron collar and the rim with cotton 
it was possible to make a cage tight enough to retain the ad'ults. 
Potato plants grown in eight inch pots were caged in this way 
and proved very satisfactory for our work as they approximated 
field conditions. 'rhe lantern globe cages were placed in an 
out-door shelter which was similar to those used generally in 
life history work with insects and the results compared with 
field observations and experiments. The potato plants used 
in this study were grown in a nearby greenhouse where they 
were protected from infestation by other leafhoppers. 
As the adults were very active, difficulty was experienced in 
transferring them from one cage to another. Frequent trans-
fers were necessary in order to insure a fresh food supply to 
the caged adults. For this purpose a special dark room was 
built with a small tightly screened window. The walls and ceil-
ing were painted black to make the darkness more intense. If 
lost in transferring the adults could be recovered from the win-
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dow screen as they were attracted to light. By this means it 
was possible to make frequent transfers from one cage to an-
other without undue loss of time and with little danger of los-
ing the adults. By keeping a single pair in a cage it was pos-
sible to study the life histories of individuals from the time of 
emergence until death. 
LONG:IDVITY OF ADULTS 
Earlier investigators reported, that the over-wintering adults 
died shortly after their appearance in the spring. r1'hat this 
was not the case with the female, at least, was clearly shown by 
our cage records (table I) which indicated that a considerable 
number were present in the field as late as the last week of July, 
while exceptional individuals might live a month longer. Hince 
these forms had spent the winter in hibernation it was quite 
f'vident that a longevity of 11 or 12 months was not unusual. 
From the middle of July until the last week iu August females 
of both the over-wintering and summer generations were found 
ovipositing at the same time and the young of these two broods 
~o overlllnllerl that it was imuossible to determine the generation 
of nymuhs uicked 11U flt rllndom in the field. In order to elim-
inate this rrror. all life history studies were conducted wi~h 
femflles of known ancestry. 
The 1111mber of days in captivity ranged from 1 to 59 in 
on". exurriments. with an average of 17.5 (lays for thf' femR 1p,<; 
for 6~ oDerationf'. The RVeraQ'e for the tqn frmales livin .,! th ~ 
longest in captivity was 4-0.4 days. The latest record wa>; Au-
g"llst 27. Contrary to genrl'lll brlief. all the fe"l1ales of the suYf1 -
1n'T Q"rllrrfltion werr ]lot killed at time of frost. R'-'vr1'81 inr1i-
viij,llll" lived fiR lat'-' as the last week in October (tnhlf' ITI 8fto1' 
hnvinO" eXllrl'ienced severe frosts 11l1der cage COllf1itiollS whif'h 
:..tfordril no l1atll)'fll protertion. It is vel''' D1"ob'th1r thAt sorne 
of the females of this brood ovrrwinter. The ]ongevit:v of Sl
'
m-
TABLE 1. OVER-WINTERING ADULTS 
No. of I Av. no. days i~ captivity I Hatching Av. no r1~v~ 
observa- Av. no. first to last 
tions --Mal-e --Female~ days nymph 
-- - - - - - -=-==-,------="'-"---i--=="---
21 7.2' 1 
63 1 17 .5 1 
46 I 1 10.5 
61 I 1 12 
64 1 I 
TABLE II- SUMMER GENERATION ADULTS 
Average 
number 
nvmph'3 
18.5 
No. of 
observaw 
tions 
I Average longevity I Av: . preOVi-/ Av. no. days I-Avcrro ..... ~ pooltlon and first to last numb~t" 
- Male---:Femal-e - hatching nymph nymphs 
21 
44 
16 
29 
32 
1 17.1 I 1 1 1---I I 45 I 21.7' , 
I \ I 1 31.3 I I I I I 32.4 
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mer generation females as shown in table II ranged from 1 
to 124 days with an average of 45.0 days for 44 observations, 
while the average of ten females having the greatest longevity 
was 90 days. 
'rhe males had a very short life in comparison with the fe-
males, the longevity ranging from 1 to 45 days, with an aver-
age of 17.1 days for 21 observations. During the fore part 
of the growing season the females outnumbered the males five 
to one, the difference in the ratio becoming less as the season 
progressed. This inequality in numbers among the sexes might 
have been due to a high mortality of males during' the winter. 
PREOVIPOSITION 
Owing to the fact that the eggs were laid in the tissue of the 
potato plant, where they were concealed from view, and also to 
nocturnal habits of oviposition it was difficult to determine the 
length of time it required for the females to reach sexual ma-
turity. During the three seasons that the insect was under ob-
servation, experiments were performed to establish this point. 
The results of an experiment conducted during the season of 
1921 follow: 
A male and female of the summer generation were introduced 
on potato plants in lantern globe cages on the day they emerged. 
To prevent any possibility of exposure to leafhoppers prior to 
their introduction, the plants had been caged from the time 
they appeared above ground. At the same time this experiment 
was running a check experiment was conducted to find the period 
of incubation. This was found to average 12 days. In table III, 
TABLE III. PREOVIPOSITION PERIOD (1921) 
Date female emerged I Date of first nymph Days (less 12 days incubation) 
1. July 14 I Aug. 24 29 
2. July 18 I Aug. 22 23 
3. Aug. 4 I 
4. Aug. 6 I Aug. 24 18 
12 days was therefore subtracted from the period between the 
emergence of the female and the appearance of the first nymph. 
'1'he difference represents the period of pre oviposition which 
averaged 23.3 days. 
OVIPOSITION 
On account of the minute size of the egg and its concealment 
in the tissue of the plant it was impossible to make counts di-
rectly. Fertile females were placed on potato leaves for 24 hour 
periods. :B-'rom the number of nymphs that hatched a record 
of the number of fertile ova was obtained. 
In the majority of cases llnder cage conditions but a single 
egg was laid, altho frequently this was increased to two. Occa-
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TABLE IV. AVERAGE NUMBER OF FERTILE EGGS LAID PER DAY 
Number of eggs laid per day . . ........ 1 1 I 3 I 4 5 
Number of reco;:ds .............. · ..... 1 243 I 157 100 I 56 28 
sionally three, four or even five were deposited, and on some days 
none. Females dissected showed a maximum of four ova ma-
tured at a time. One female caged on a potato stalk produced 
142 nymphs in 70 days, or an average of 2+ fertile ova a day; 
another individual produced 148 nymphs in 78 days, or an 
average of 1.9 fertile ova per day. Under favorable conditions 
a female will average one or two eggs a day. 
The greatest number of nymphs produced by an over-winter-
ing female was 142. This individual was taken June 29 and 
lived 59 days in captivity. For a period of 60 days nymphs 
were collected from plants that had been exposed to this female 
and had been kept free from all other exposure. 'l'he number 
of eggs ranged from 1 to 142 in this generation with an aver-
age of 18.5 for 64 observations. The average of the ten females 
producing the greatest number of nymphs was 60. 
The maximum number of eggs produced by a single female 
was 148, a record obtained from a summer generation individual. 
The maximum number obtained from an over-wintering adult 
was 142, so that there appears to be very little difference in the 
total number for the species in the two generations. As the 
results of these experiments represented the maximum number 
of fertile ova, it was very probable that the maximum number 
of eggs (fertile and non-fertile) averaged 75 per female and 
the maximum capacity of the species was as high as 150 to 200. 
The period of oviposition of the potato leafhopper was rela-
tively long as indicated by the longevity of the adults and the 
average number of days between the appearance of the first 
and last nymph (tables I and II ). In nearly all cases females 
laid eggs up to or within a few days of death. The period aver-
aged about a month for the over-wintering adults, while with 
the summer generation females it extended over a period of 
65 days. 
INCUBATION PERIOD 
Under field conditions the incubation period ranged from 10 
to 14 days, with an average of 12 days. It was greatly influenced 
by temperature. Experiments conducted in the greenhouse with 
TABLE V. INCUBATION PERIOD IN THE FIELD, 1919 
Date eggs Average date II Average II Average incuba-laid hatched incubation tion for broods 
June 3 June 17 
I 
14 dayS 
\ 
July 12 July 23 11 days 
July 14 July 26 12 days 
Aug. 2 Aug. 12 10 days First-1S days 
Aug. 15 Aug. 27 12 dan I Aug. 29 Sept. 8 10 dan Second·-ll days 
.,) 
~ 
rif>5 
tY 
~~O 
<:5 
c) 
~'1 5 
tY ~'10 
y 
c) 
7' 
d 
'\ \0 \\ \?.. \~ \1.\; \~ 
'\\~X'<\\:)e,<1)o.,,\~ X\~m~no.\ 1.\e~e\o~men\. . 
Fig. 1. Influence of temp:. rature on nymphal developm~nt. 
an average temperature nine degrees higher than in the field, 
showed a period of seven days for both broods. Table V sum-
marizes the results obtained from field conditions. 
LENGTH OF NYMPHAL LIFE 
The average length of time spent in the first two nymphal 
stages was approximately two days for each; for the third and 
fourth, two and a half days for each, and for the last, four days. 
The minimum length of time between moults was one day, as 
noted for the first, second, third, and fourth instars during July, 
while a maximum of eight days for the fifth was observed dur-
ing October. The duration of the nymphal period varied greatly 
during the different months. In July the insect spent only a 
week maturing while in September and Octoeer, due to cool 
weather the nymphal stage was prolonged to 26 days. 
Inflttence of temperature. Experiments were conducted to 
determine the effect of heat on the nymphs. A constant tempera-
ture apparatus was used and nymphs were reared in vials at va-
rious temperatures as indicated in fig. 1. Nymphs completed their 
TABLE VI. INCUBATION PERIOD IN THE GREENHOUSE, 1919 
Brood I No. records I Minimum I Maximum I Average 
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TABLE VII. COMPARATIVE DURATION OF NYMPHAL INSTARS 
Stage I Minimum Maximum Average 
--1-- ~a-y-----i--5 da-y-s---+---·1~8 days ~ Number of observations 
I 
2 1 day 4 days 1. 9 days 
3 1 day 6 days 2.4 days 
4 1 day 6 days 2.6 days 
5 2 days 8 days 3.7 days 
Totals 6 days 29 days 12.4 days 
80 
54 
62 
75 
93 
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development in the minimum length of time when held at a tem-
perature of 85° 1<'. Both below and above this temperature 1 he 
period was increased. At 90° the first, second, and third instal'S 
were killed. A certain number of fourth and fifth stage nymphs 
were able to complete their development at this temperature. 
Above 85° the mortality was very hig-h. The experiments in-
dicated that the potato leafhopper required a co :nparativtly 
high temperature for optimum development. Other investiga-
tor~ tave associated this species with hot weather. 
TOTAL LIFE CYCLE 
Considerable time was required for the potato leafhopper to 
complete its G!8velopment. 'fable VIII indicates that the mini-
mum is 30 days while the average is 47.4 days. About 50 days was 
required for the summer generation to complete its life cycle. 
Both the incubation and nymphal periods were greatly length-
ened during September and October becausc of lower tempera-
ture, so that the minimum time requirement for two generations 
was about 90 days. 'l'he comparatively long time necessary for 
development precludes the possibility of the insect being many 
brooded in this latitude. 
HABITS OF TIlE INSECT 
FEEDING 
All stages of the leafhopper fed from the potato leaves by 
puncturing the leaf membi'ane by means of slender stylet-like 
mandibles (plate II, fig. F) after which the maxillre were forced 
into the plant tissue and the sap extracted in the usual way 
characteristic of homopterous insects. Usually the lower side 
of the leaf was chosen and the puncture was made near one of 
the larger veins (plate II, fig. G). 
In making this incision the nymph elevated its body at right 
angles to the leaf, after which it assumed the usual resting posi-
tion. It often remained in one location for a considerable period. 
Often after making the puncture, the stylets were withdrawn 
and a new site was selected. The nymphs preferred fully devel-
TABLE VIII. LIFE CYCLE IN DAYS 
Min. I Max. Ave. 
Incubation per:od ······ ··· ·······················1 4 1 14 1 12 Nymphal peri .................. ................ 6 29 .4 
Preoviposition period ......................•...... 20 30 23 
Total - .. -.................. · ..... . .. :-. ·.:~1-30-1-73--47~ 
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oped leaves for feeding and often refused to feed from the tenuer 
opening leaves near the tip of the plant. When a leaf on which 
one of them was located began to curl and show symptoms of 
hopperburn, the insect very often sought a fresh one. This 
tendency of wandering from one leaflet to another was very 
pronounced in the later instal's. Nymphs in the first and second 
stages very rurely left the leaf from which they had hatched. 
The freshly issued insect had difficulty in making its way thru 
the numerous trichomes ' with which the lower surface of the 
potato leaf was beset. On bean leaves nymphs have been found 
entangled in the small hairs characteristic of certain varieties. 
Under these circumstances the insect was held fast as in a t~'ap 
and usually succumbed. 
HABITS OF THE ADULT 
The adults were usnally found on the under surfaces of the 
leaves of the. potato plants. When the 'weather was warm and 
on bright days they were very active and flew when disturbed. 
'rhe flight was very rapid in an el;ratic, zig-zag course, very 
difficult to follow with the eye. They were most active at a 
temperature between 70 0 and 90 0 F. Below 70° they were inac-
tive and at temperatures above 90 0 they became torpid. Males 
and females ,"vere observed copulating about dusk or early in 
the morning. The time in coitus varied from 10 to 45 minutes. 
'Tirne of Oviposition. Experiments were conducted, to deter-
minte the time of day the eggs were laid. Potato plants grown 
in eight inch pots were eXllosed daily duripg the egg-laying sea-
son and a careful count of the nymphs hatching from the plants 
noted. The plants were carried to a near-by potato plot and left 
there for 12-hour periods. When not in use they were caged in the 
greenhouse to avoid the possibility of exposure to adults. Plants 
exposed from 5 P . M. to 8 P. M. hatched 123 nymphs while 
plants exposed from 8 A. M. to 5 P. M. hatched only 63 nymphs. 
'fhis indicates that more eggs are laid at night or early in the 
morning than in the day time. 
HATCHING 
The greatest number of nymphs hatched during the morning 
before the heat of the day. Certain conditions of temperature 
vnd humirl.ity greatly influenced this, for hatching occurred at 
1 be same time thruout the whole field. During J ul,)', 1919, this 
l,ariod came between 8 :80 and 9 :30 A. M., but later in Septem-
ber not until 10 :00 A. M. Partly emerged nymphs closely re-
sembled the trichomes of the leaf. 
On the morning of August 16, 1919, three nymphs were ob-
;;erved hatching' from a potato leaf. Each individual emerged 
from the midrib of separate leaflets. When first noted the em-
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bryos were about half way imbedded in the plant tissue, so un-
fortunately the entire process was not observed. Emergence 
was accomplished by a backward and forward swaying of the 
body accompanied by movements of the legs. After several at-
tempts the nymph finally extricated itself, fell over, recovered 
and in a second or two began wandering about the leaf. The 
embryonic membrane was left attached at the base of the egg 
sear. The individuals were first observed at 8 :04 A. M., and 
the last one emerged at 8 :10 A. M. Investigation disclosed that 
hatching was a phenomenon that under uniform conditions took 
placE' at the same time within a given area. 
HABITS OF THE NYMPHS 
The young or nymphs were always found on the undersides 
of the leaves, usually next to the mid-rib or small veinlet. When 
first hatched they were pale yellow in color, but upon feeding 
took on a green tint, which in addition to their small size made 
them difficult to detect. As they grew older they became more 
artive, ran readily and dodged to the upper side of the leaf when 
disturbp.d. Individuals in the fourth and fifth instar even 
jumped from one leaf to another if forced to do so. As a rnle 
the nymph did not remain on the same leaf from which it 
hatched. If the leaf died, the nymph moved to an adjoining one, 
or under force of circumstances, even migrated to another plant. 
The writers observed them migrating from plant to plant and 
from one row to another in late summer when the vines were 
dying rapidly. 
SEASONAL HISTORY 
HIBERNATION 
Forbes (25) was the first to note that the adults of E. mali 
pass the winter. Since that time the literature has been some-
what vague on the subject, caused by the confusing of the life 
history of this species with E. unicolor. After the work of 
Lathrop (39) this difficulty was not encountered. The fact 
that the insect hibernates in this stage can be demonstrated 
by sweeping dead grasses in April and May before the new 
g-rowth has begun. By careful sweeping with a net, it is pos-
sible to find the adults. In the g-reenhouse they have been kept 
alive as late as December. The habits of the grape leafhopper 
(T. comes) were stud,ied as a possible clue to the place of winter-
ing of E. mali without results. The adults of the potato leaf-
hopper became active in April and May and were found on 
various weeds in June where they were observed feeding. They 
did not appear in any considerable numbers until late in April 
when they became numerous on weeds and grasses. They were 
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especially abundant on curly dock (Rumex crisptts L.) which 
they preferred to several other kinds of weeds and even young 
apple stock. 
SPRING OR EARLY POTATO FLIGHT 
The sudden migration of the insects from weeds to potatoes is 
a phenomenon that has been observed every year the writers 
have studied this species. This sudden, complete migration, 
coming at a definite time, was closely related to bioclimatic con-
ditions, such as temperature and humidity as well as sexual 
maturity. The females dissected at this time had mature ova. 
After the adults had settled on the potato fields there was no 
further dispersal so long as the plants remained green. 'l'he 
females began laying eggs in the vines at once and continued 
to do so until late July. 'rhe migration was first observed at 
Ames on the morning of June 6, 1919. At that time there had 
been a drop of several degrees in temperature and a light show-
er. Just previous to this there had been a period of rather high 
temperature followed by rain, during which there had been a 
drop in humidity. The spring flight for the season of 1920 
occurred June 27. This was marked also by a slight drop in 
temperature, as was the flight during the season of 1921, which 
occurred June 17. 
SUMMER OR LATE POTATO FLIGHT 
Migration from early to late potatoes occurred every year. 
This usually took place over a considerable period of time, de-
pending partly on the condition of the vines. In fields that 
burned badly or where lignification had set in there was an 
early flight, either to late potatoes or to fields that were still 
green. 
The summer migration differed from the spring flight in that 
it occUlTed over a longer period of time. This apparent differ-
ence might be explained by the fact that the earlier summer 
flight was due to lack of proper food because of the hardening 
of the plant tissue and that the real migration and sexual flight 
occurred as suddenly as in the spring. The true dispersal mi-
gration usually took place in dry weather during the hottcst 
part of the summer, and was evidenced by swarming of the 
adults at electric lights in the evening. 
NUMBER OF GENERATIONS 
As already mentioned in the history of the species, the ques-
tion of the number of broods a year has been open to consider-
able dispute. Lathrop (39, 40), who was the first to study 
the insect without confusing' it with other species occuring on 
apple, reported two generations for New York. 
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Fig. 2. Diagram showing population r€cords of overwintering. and tint brood adults 
on early potatoes, Ames, Iowa, 1920, 1921. 
Breeding experiments were conducted at Ames with the 
greatest care, always with single pairs to a cage. Over-winter-
ing males and females were captured before and after the 
spring flight . The plants that had been exposed to females were 
set aside to await hatching of the young where they would be 
free from further exposure. The nymphs were removed daily 
and the number noted. Summer generation adults were reared 
from nymphs in order to establish their ancestry to a certainty. 
In this way it was possible to keep an absolute check on the 
individuals tbru two generations. 
During the three years that life history studies were conduct-
ed, attempts were made to rear a third generation, but in every 
instance the results were negative. Newly emerged adults 
of the second brood were caged on healthy potato stalks until 
frost. The plants were observed from time to time to note ovi-
position and the appearance of nymphs. In no case was there 
an indication of eggs or young wbile summer generation adults 
continued to oviposit at the normal rate. We have evidence 
that even some of the females of the summer brood over-winter 
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if the season is short and decidedly unfavorable for development, 
as was the case in 1920, when for a portion of the leafhopper 
population there was one complete generation and a partial sec-
ond. Normally, however, the insect is two-brooded in Iowa. 
POPULATION STUDJ,ES 
A single plant is capable of harboring a very great popula-
tion of leafhoppers. An estimate of the relative number of 
acl:llts appearing at different times during- the season was U11 
dcriaj;en by making daily counts of the number captured with 
20 sweeps of a small hand net while walking along the potato 
rows. As far as possible thes') 0hservations were made by the 
same person at the same time. An interesting study in the 
seasonal increase of adults is shown in fig. 2. The maximum 
for the year 1920 was reached July 29 and 30, with a total 
of 150 per 20 sweepings for both days. In 1921 the largest 
llnmber was taken July 1, on which date the number totaled 
~36. 'rhe population curves are similar in that they show a 
steep decline after the maximum, as at this time the potato 
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Diagram showing hatching counts of first brood nymphs on early :potatoes, 
Ames, Iowa, 1920, 1921, . 
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Fig. 4. Diagram showing hatching counts of second brood nymphs on late potatoes, 
Ames, Iowa, 1919, 1920, 1921. 
plants are dying rapidly and the adults migrate to fields that 
are still green or to late varieties. 
Field counts of the number of young hatching each day were 
made during the summers of 1919-20-21 (figs. 3, 4). Six 
branches of approximately the same Rize, from as many hills, 
were labelled and the number of nymphs noted and killed daily. 
A total of 1,4471 young were counted in 1919, as compared with 
1,485 in 1920 and 2,154 in ] 921. 1'he first figure represents 
a population of about 10,000,000 per acre. 1'he maximum 
hatched from a single branch in 24 hours was 121. The length 
of the nymphal season is also graphically shown by the curves. 
For instance, in 1921 the period extended from the middle of 
June until the midd,le of July for the first brood and from the 
forepart of August until th e third week in September for the 
second brood. It follows from this and observations by others 
that the potato leafhopper is found in some stages on potatoes 
from the time the plants appear above ground until the vines 
die in the fall. 
'Second l;>rood only. 
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N .. -::1TURAL ENEMIES 
PREDATORS 
The potato leafhopper has comparatively few natural ene-
mies of importance so that biological control cannot be depended 
upon to keep the insect in check. Among the predators, several 
species of spiders were observed capturing all stages and some-
times seriously interfering with cage experiments. Occasion-
ally the common brown anti was seen carrying an individual 
to its nest. Anthocorids2 , pentatomids and assassin-bugs also 
contributed a share in natural control. By far the most vora-
cious, however, are chrysopid and coccinellid larvffi. A number 
of experiments were cond,ucted with different predaceous in-
sects to determine their role in r elation to E. 'mali. A chrysopid3 
larva consumeo. 23 nymphs and two adults in five days, while 
during the same period a coccinellid4 larva ate tf'n nymphs. 
PARASITES 
The eggs were parasiti.zed by Anagrns arrnatt~S Ashm. This 
species (plate II, fig . C) occurred in considerable numbers 
during Jnl,v and, August, 1919, and again in 1922. Itl some 
cases 40 percent of the eggs were parasitized so that this was 
the most important natural check observed. This para-
site was reared from material collected at Ames and St. Ansgar 
and is probably the same as found in Wisconsin by Ball (3). 
A dryinid parasite of the nymph has been rarely observed by 
other writers but never reared. 
DISEASE 
During August, 1919, a fungous disease5 of adults and nymphs 
was very common thruout the state, especially at St. Ansgar. 
Counts made in the field disclosed a mortality of 37 percent. 
Of these attacked 80 percent were nymphs. The disease ap-
peared after a period of moist, warm weather. Diseased adults 
were quite conspicuous as the wings were partly expanded and 
covered wit.h a heavy fungous growth, which was iridescent in 
appearance. After death the body turned yellow and on its 
surface appeared a glistening mass of conidiophores and conidia. 
1La,si1tS b1·unne'Us. 
'T"iphleJ)'s insidiosus. 
"C /.,.ysopa plora/",nda. The chrysopid la r va,Aug. 15,1919 , was observed eating a 
nymph of the fifth instal' which it had captured at 3 :2B P. M. (standard time), by 
inserting its mandibles along the suture between the thorax and abdomen. The vic-
tim was held securely in position by the right fore leg while the left pressed firmly 
on its head to keep it from struggling. The legs of the nymph were next bitten off 
and the larva continued eating between the head ,and prothorax, severing the head 
from the body at 3 :57 and eating the vicera. By 4 :06 nothing was left but the legs 
and the hollow abdomen. The whole process required about 26 minutes. 
'HiP1Joc/(!?ltia 13-punctata. 
5Entomophtho?'a sphcterospe,.,,,a Fresenius. 
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PART II. HOPPERBURN 
HISTORICAL 
In 1806 Osborn (45), then entomologist for the Iowa Agriclll-
tural Experiment Station, discussed Empoasca mali under the 
caption, "A New Pest of Potatoes." His observations concern-
ing this species were significant and interesting. He said: 
"* * * It is a minute greenish insect so nearly the color of 
the leaves on which it rests that it easily escapes observa-
tion until the withering of the leaves indicates its presence. 
"The injuries of this pest were first called to my atten-
tion in the latter part of June by Mr. Kegley, of Ames, who 
had a small patch of early potatoes badly injured by them, 
but a few days later they were also found plentiful in the 
college garden, causing serious wilting of some of the ear ly 
varieties and more or less plentiful over several acres of 
potato crop." 
HowevE'r, no one follow co' up Osborn's findings until 1918 
when Ball (2, 3, 4, 5) definitely proved that Empoasca 
mab; LeB. was the canse of potato tipburn. Previous to Ball's 
findings it was commonly assumed that this disease was due to 
hot, dry summer wE'ather and was non-parasitic in origin. It 
was believed that such unfavorable climatic conditions accelera-
ted leaf transpiration of the potato plant to such an extent that 
water was lost more rapidly than it could be supplied by the 
roots . One of the several inconsistencies of this theory was the 
well-established fact that while bordeaux spraying was known 
to control this disease, this fungicide actually accelerated leaf 
transpiration. 
JonAs (85 ) described a "new potato disease" which he stated 
was distinct from blight!. Parts of this early description con-
form to what is now known about hopperburn. Sturgis (50) 
referre(l, to what was probably this disease in a discussion of 
early blight of potat.oes. He believed that" extreme heat and 
dryness, accentnated by lack of moisture in the soil, may induce 
the death of tissues at a distanCA from the roots (the tips and 
edges of leaflets) ; that this damage may be increased and even 
initiated by the attacks of predatory insects (flea-beetles) 2." 
Jones (36) gave the name "tip-burn" to this "new" disease 
which he separated from early blight, with which it bad pre-
viously been confused. From his description and figure of the 
disease, it is apparent that he was dealing with hopperburn. 
Goff (31 ) noted the "resistance" of Rural New Yorker and 
Green Mountain potatoes to this disease3 and stated that in 
Wisconsin the older varieties were more easily affected. Par-
rott (48) described an outbreak of Empoasca mali in nurseries 
lEarly and late blight of potato were not differentiated at that time. 
2Phytophagous. 
'Identified by Jones as tipburn. 
399 
in New York and also recorded this species as being seriously 
injurious to potatoes there. H e was the first to observe severe 
infestation of leafhoppers and destructive outbreak of "tipburn" 
in the same field, but he did not connect the two. 
Ball (2) recorded experiments in which a leaf-burn of potato 
leaves was produced in four days' time by introducing large 
numbers of leafhoppers of the species EmpoasGo ma~i into cages 
over potato plants. In field observations he noted that this in-
jury was always directly proportional to the number of leaf-
hoppers present on the vines. He said, "the relation of this 
injury to what has been previously diagnosed as 'tip burn' is 
an interesting subject for future determination." He suggested 
the possibility that there might be a pathological relation be-
tween the potato leafhopper and this leaf-burn, but not "the 
same specific relation as exists between the beet leafhopper and 
curly leaf of beets." Again Ball (3, 4, 5) gave a definite 
description of this disease which he named" hoppe1-buTn" and 
stated that there were" . . no doubt many other causes that 
will produce burning of the foliage . . "-and mentioned the 
fact that some other leaf burns were distinct from this in that 
they avoided" . . the midrib and veinlets, while hopperburn 
appeared just on the veinlets and spread later to the area of mem-
brane which they supplied." In this paper he also described 
in detail experiments and observations which proved his con-
clusions that tipburn was caused by the leafhopper. Ball and 
Fenton (6) suggested the substitution of the name hopperburn 
for potato tipburn because this name" . . covers practically all 
that has formerly been designated as tipburn on this plant." 
Fenton (17 ) stated that all nymphal stages of the leafhopper 
were capable of producing symptoms of the disease, that the 
adult insect was not as effective in this respect as the older 
nymphs, that atmospheric or soil conditions had little direct 
influence on the severity of the disease unless E. mali was prcs-
ent, and that hopperburn was not systemic, but rather local-
ized, being confined to that part of the plant exposed to leaf-
hopper attack. Dudley and Wilson (12), in a series of experi-
ments in which Triumph, Early Ohio, Irish Cobbler, Green 
Mountain and Rural New Yorker varieties of potatoes were 
used, found them to vary in "resistance" to this disease in the 
order named, the first being the most susceptible and the last 
the most "resistant." They also reported that this burning 
was much more severe on vines grown from tubers produced 
by hopperburn-susceptible plants than from those that were 
comparatively free from this malady. Thus, according to them, 
poor seed usually predisposed the plant for severe infestation 
by leafhoppers and invariably these vines suffered more from 
hopperburn. 
400 
Fenton and Ressler (21, 22) were able to produce a leaf 
necrosis that was very similar to hopperburn on potato by in-
j ecting leafhopper extract into healthy leaves. Inoculum pre-
pared from macerated adults produced more injury than that 
from the nymphs in these tests. Eyer (15, 16) produced 
hopperburn on potato leaves by inoculating healthy plants with 
solutions prepared by macerating either nymphs or adults of 
this species in dilute alcohol or water. Burning was more se-
vere on those leaves injected with inocula prepared from the 
nymphs. He was also able to produce typical burning by injec-
ting healthy leaves with solutions prepared from hopper burned 
tissues. He stated that the action of the sun's rays was neces-
sary for the browning of the leaves after the yellowing had been 
produced by inoculation. Inocula prepared by macerating po-
tato aphids (Mam'osiphwm solcmifolii Ashrn. ) , tarnished plant 
bugs (Lygt~s pratensis Linn.), or apple leafhoppers (Ernpoasca 
unicolor Gill.) gave negative results. When potato leaves were 
injected with the solution prepared by macerating false chinch 
bugs (Nysins ericae Schill.) , injury resulted which, however, 
did not resemble hopperburn. 
DESCRIPTION OF HOPPERBURN 
Hopperburn always begins at the margin or tip of the leaflet 
and is correlated with the principal veins. 'fhe first symptoms 
are usually noticed at the tip of the apical leaflet on the lower 
and older leaves of the plant (plate 1, fig. A) . At first the 
disease is distinguished as a small triangular or diamond-shaped 
discolored area, centered in the midrib, which is seen to be 
somewhat crinkled and distorted for a short distance beyond 
the affected portion. Within this infected area, the tissue is of 
a yellowish green color and is usually more or less flaccid . Later 
the green tint entirely disappears, giving way to a deep yellow 
which rapidly changes to brown. At this stage the burned tis-
sue is very fragile and brittle. While these changes are taking 
place, other affected areas appeal' along the margin usually tri-
angular in outline and centered in a lateral veinlet which is 
invariably seen to be crinkled and collapsed beyond the imme-
diate diseased area. As the injury progresses, these portions 
coalesce, involving the entire periphery of the leaf (plate 1, fig. 
B). Coincident with this, the margin begins to roll upward and 
inward. In extreme cases the entire leaflet is flilled (fig. 5), but 
often a central area around the midrib, especially near the 
petiole, still retains its green color (plate 1 fig. C). The leaves 
then present a characteristic linear appearance. When the in-
sect infestation is heavy, the entire plant is killed in a compara-
tively short time. 'l'he exact progress of the disease as outlined 
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Fig. 5. Potato leaf killed by hopperburn. 
in the descrip-
t ion presented 
above, v a r i e s 
with the variety 
of the plant and 
the number and 
age of the leaf-
hoppers feeding 
on it. Occasion-
ally the burned 
areas appear on 
the margin first, 
but this is unus-
ual. Wh e n 
larg e number s 
of leafhopp er 
nymphs are 
pr e sen t, the 
rolling and 
characteristic 
yellowish green 
color are quick-
ly replaced by 
the death or so-
called burning 
of the marginal 
tissues· This is 
probably the r e-
sult of the ac-
tion of the sun's 
rays on the dis-
e as e d portion . 
Plants protect ed 
under opaque 
green glass de-
velop this co1-
or so that it ap-
pears that h eat 
is also a factor 
in these later 
changes. If the 
l eaf hopper 
nymph is kill ed 
or deserts th e 
particular I e a f 
on which it is 
feeding the dis-
402 
ease develops no further and leaves may be found showing 
all the stages of the progress of this burning', Usually the termi-
nalleaflet shows more injury than the lateral ones, those neal' the 
petiole showing the least of alL 
PROGRESS OF DISEASE IN THE FIELD 
There is no evidence of hopperburn in the fields until after 
the over-wintering adults have appeared, laid eggs, and the 
first generation of nymphs has begun to develop, 'l'he marginal 
burning then begins to appear on the older leaves of the plant 
and is always proportional to the number of leafhoppers pres-
ent, The disease first appears on the leaves at some distance 
from the top and gradually progresses upwards as the plant 
develops, and in about the same ratio as its growth for a con-
siderable period, This is correlated with the time required for 
the eggs deposited in the young leaves at the growing tips to in-
cubate and the young nymphs to become old enough to cause 
burning, Finally, o.epending largely on the variety, the cli-
matic conditions and date of planting', the plant becomes 
weakened, its growth is checked and often it succumbs, 
OTHER TYPES OF LEAFBURN ON POTATO 
In addition to hopperburn on potato leaves, there are several 
types of burn injury which may develop due to other causes. 
These are of minor importance, but some have been described 
1ll1der the general term tipburn. The authors believe that much 
of the confl'sion concerning the real nature of the disease caused 
by the leafhopner, is a result of the failure of different workers 
to distinguish between these various leaf disorders. Therefore 
they are described briefly and compared with hopperburn. 
Tipburn. as characterizedl by Lutman (44) (plate 1, fig. F), 
has no relation to the venation and does not necessarily begin 
at the m~r~in, facts which distinguish it at once from hopper-
b11rn. This tyne of disease is not common in Towa. Burn injury 
is rarely seen in the field. but can be produced experimentally by 
placing leaves near intense heat. The burned areas in this case 
always develon between the larger veins, the tissue immediatply 
surrounding the latter. being the last to die. 
Sunscald (plate 1, fig. D) is fairly common in Iowa. It is 
noticed usually before the fil'st si!!ns of honperburn aDpear and 
the injury is not associated with the veins or margins. Very 
often the lraf is distorted in the affected region by being' folded. 
Another tynr of injury is commonly seen on potato leaves 
(plate 1. fig. E), resembling hopperburn in that it apparently 
follows the veins and originates at the margin. It often ap-
pears 0n the lower and older leaves of the plant. However, it 
is distinct from hopperburn in that the tissue turns a compara-
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Fig. 6. Field cage showing hopperburned plant within. 
tively light brown, there is little or no curling upward and roll-
ing in of the leaflet, and the dead marginal tissue is more or less 
leathery in textnre. Leaves affected with this disease appeal' 
wilted. This is discussed in more detail under mutilation. 
ETIOLOGY AND NATURE OF HOPPERBURN 
FIELD TESTS 
During the years 1919 to 1921, inclusive, field experiments 
were conducted in order to determine the effect of infesting po-
tato plants with Empoasca mali adults or nymphs. Table IX 
summarizes the field data obtained in these tests. 
In spite of difficulty in controlling all factors in field tests, 
the results from 1919 to 1921, inclusive, showed that hopper-
burn could be produced on a potato plant by colonizing either 
adults or nymphs of the potato leafhopper upon it. On the 
other hand, when the vines were protected from these insects 
this disease did not develop. Occasional negative results were 
due to torn cages when leafhoppers found access to the plants. 
Hopperburn could be produced in a two-day period by coneen-
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TABLE IX. EFFECT OF COLONIZING EMPOASCA MALlON POTATOES. AMES 
FIELD EXPERIMENTS. 1919 
Date Ic:::~sll plant caged 
M,ay 
I Ii 
July 15 I II 
July 15 I II I 
Aug. 28 1 I 
I 
Aug. 28 1 II 
1 
!I 
June 18 8 II 
June 18 8 II 
Aug. 27-29 II 
Sept. 8 3 
II 
May 25 
May 
May 
Date 
Character of of 
treatment treat-
ment 
500 adult E. malll July 8 
150 adult E. c,,- I 
cU1neris I 
500 adult E. mali I.J uly 25 
1 
\ July 9 
I 
Control I I I 
50 gravid females I Insects 
I confined f or ten- \ confined day period. then re- Aug. 2'8. moved and a I 1 I removed hatching nymphs Sept. 8 
killed daily I I 
50 gravid females I Insects 
confined for 10-day confined 
period. then re- I Aug. 28. 
moved. removed 
I Sept. 8 
Several adult I July 8 
leafhoppers I 
Control I 
I 
Several E. mal i 
\ 
nymphs Aug. 
27-29 
Several E. mali I Sept. 8 
nymphs 
I 
FIELD EXPERIMENTS. 1920 
12 adult E. mali I July 15 
I 
FIELD EXPERIMENTS. 1921 
Several E. mali 
Control 
I June 21 
I 
I 
I 
I 
II 
Remarks 
Plant killed July 10 
Plant badly hopper -
burned July 28 
Plant in excellent con-
dition Aug 18 
Plant s howed consider-
able burning Sept. 8. 
none Sept. 23 
Plant s howed slight 
burning S'ept. 8, severe 
burning Sept. 23 
All plants kIlled by 
hopperburn by Aug. 18 
All plants healthy with 
no hopperburn Aug. 18 
Three of these devel-
oped hopperburn in 
from 5 to 8 days 
Two of these developed 
hopper burn in a few 
days 
Both p lants devoloped 
serious hopperburn 
August 3 one dead 
from hopperburn (eage 
.torn ); Sept. 8 two 
plan ts down. but n ot 
du e to hopperburn ; 
Oct. 7 two plants s till 
a live and healthy 
trating gr eat numbers of adults on a plant, or it could be 
bronght on more gradually by introducing a few gravid fe-
males. The appearance of the disease in the latter case was 
delayed until the eggs could incubate and the nymphs develop 
to a size when they could produce burning. By colonizing 
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nymphs on tips of potato plants, hopperburn was produced in 
five to eight days. 
INSECTARY EXPERIMENTS 
It was repeatedly observed that hopperburn could be pro-
duced by the feeding of the leafhoppers and that the injury 
lVa~ always confined to the tissues on which these insects were 
Incated. In no case did the disease advance from one part of 
the plant to another without the presence of nymphs. 
The most striking of these experiments was started Septem-
ter 17, 1920. A healthy Early Ohio potato plant having four 
tlistinct branches was chosen and 24 nymphs which had just 
ilatched were placed on one branch having seven leaves besides 
L rapidly expanding bud. A bit of absorbent cotton was tied 
around the stem of the branch to prevent migration by the in-
~erts to other parts. Twenty-four hours later these leaves 
~hf. ,ved the first signs of injury in the paling of the chlorophyl 
31'01 md the tips and margins. Only 21 nymphs were counted 
OIl tois date. 'rhis number remained on the tip for the next four 
days, with the leaves showing increased injury daily. On the 
fifth day but 17 nymphs were counted. On this date half of 
each of the three oldest leaves were diseased, two others had 
their tips rolled in, while the rest showed less extensive injury. 
On the eighth day, but 11 nymphs were counted. On this date 
the two oldest leaves were dead, the apical halves of two others 
were burned, two leaves showed marked symptoms, while the 
smallest leaf and the 
entire bud were of an 
unhealthy color and 
clearly showed a loss 
i n succulence. On 
the ninth day, the 
entire tip was badly 
burned. '1'he nymphs 
were now in the fifth 
ins tar and many of 
them were feeding 
on the petioles and 
stem. On the eleventh 
day the entire tip 
showed increased in-
jury, and was practi-
cally dead by the 
twelfth. Six of the 
insects were still in 
the fifth instal', but 
the rest had matured. Fig. 7. Potato plant 12 days after one branch had been infested with E. mali nymphs. 
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The plant was then photographed 
(fig. 7). In addition to demonstrat-
ing the localized nature of the disor-
der, the experiment showed that in se-
vere cases the leaf petiole, stem and 
even opening leaves are affected, the 
leafhoppers feeding on these when ob-
liged to. 
Hundreds of other tests similar to 
the above might be cited. In many 
of these experiments the nymphs 
were confined to individual leaflets 
where they fed in the usual manner. 
Hopperburn developed on these in 
over 95 percent of the cases. Some 
of these tests were performed in De-
cember, 1920. At this time typical 
injury to potted potato plants in the 
insectary was produced by the feed-
ing of the nymphs from the leaves. 
LEAFHOPPER POPULATION AND 
HOPPERBURN 
At the same time that the above Fig. 8. Type of cage used to 
enclose leafhoppers on growing 
potato tips for oviposition. experiments were carried out, rec-
ords were taken of the leafhopper 
population from certain marked plants in the experimental 
field. Weather permitting, daily counts were made during 
1920-21 of the hatching nymphs, and in 1922 of the 
entire nymph population of these plants· The figures 
were relative, but gave an index to the number of leaf-
hoppers present in the field for a definite period. By 
comparing the nymph count with the percentage of hopper-
burn each year and then summarizing this (fig. 9), it is seen that 
as the insect population increased, so also did the amount 
of burning up to a certain point, indicating a direct correlation 
between these two factors. After this the number of insects 
dropped rapidly in spite of the increasing amount of hopperburn. 
This was because the plants supported fewer insects when the 
leaf area was reduced by excessive burning and the surplus 
migrated to other vines or matured. However, in most cases 
enough remained to complete the destruction of the remaining 
green leaf tissue. 
INFLUENCE OF NUMBERS OF E. MALlON INCUBATION OF 
HOPPERBURN 
In one test different numbers of first instar nymphs were 
confined on normal potato leaflets to determine the influence of 
\ 
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this factor upon the incubation period of hopperburn. As the 
experiment was originally planned, one, two, three and four 
nymphs, respectively, were placed on these leaflets. The petiole 
of each was banded with cotton to prevent migration, but in 
some cases in spite of this precaution one or more of the insects 
escaped. At the time the tests were performed, cool weather 
prevailed and consequently nymphal development was slow. 
This resulted in a retarding of the usual pathological changes 
in the leaflets brought about by the feeding of the nymphs, 
but this was desirable for the better comparison and description 
of these changes. 
On every leaflet where a nymph was feeding, hopperburn 
developed. Checks remained perfectly normal thruout the test. 
Typical burning was noticed on the infested leaflets in from 
three to ten days, depending on the number and age of the in-
sects present. In all cases these were either in the second, 
\\\0 
\bO 
\'\ 
\0 z.o 30 ~o 50 laO 'to \0 '\0 \00 
\'.:.'( Ce'(\l(, 0\ \\o~'9~r{l>\>.~'(\ 
Fig. 9. Diagl'am showing relationship of leafhopper population to percent of hop~ 
perburn at Ames, Iowa, for years 1920, 1921, and 1922. The dots represent daily 
counts of leafhopper nymphs from marked plants. 
Fig. 10. Diagram showing duration 
of incubation period of bopperburn on 
potato when either one. two. or three 
nymphs are feeding from one leaf at 
constant temperatures . 
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third, fourth or fifth instal' when 
the symptoms were first n0-
ticed. By plotting out this data 
on a graph (fig. 10), it is seen 
that under insectary condition::;, 
when the temperature averageJ. 
80°F., one nymph produced the 
first symptoms of hopperburn 
after fe eding on the leaf for an 
average of six and one-half days, 
two in five, and three in four 
days. In all of the above tests 
where the insects remained on 
the leaf long enough to produce 
burning, the total length of 
fe eding time varied from six to 
20 days. At the end of this p e-
riod, the nymphs had reache:l 
the fourth or fifth instal', had 
matured, or disappeared. In 
many cases the insects left the 
leaflet because of the death of 
that part on which they were 
feeding, and the resulting dis-
eased condition of the rest of 
the tissue. At this time the leaf-
let was burned in one to two-
thirds of its total area, and the 
remaining portion was more or 
less yellowed and flaccid. 
RELATIONSHIP BETWEEN STADIUM OF INSECT AND 
HOPPERBURN INCUBATION 
As shown in table X and in fig. 11, the causal agent of hopper-
burn was present to a varying degree in different stages of the 
potato leafhopper.. Dnder similar conditions, when one nymph 
TABLE x. EFFECT OF STAGE OF EMPOASCA MALlON INCUBATION AND 
DEVELOPMENT OF HOPPERBURN 
'" '" :t .... > 0 
'"" 
~:P 
...,'" '"23 Duration Incubation of 
'" '" 23 ~'§23 J::>"' 
'" "' 
of stage hopperburn 
'" 
S~-a 8 "''3 ~:E~ -.a", 
'" 
~§~ ~ :h! Z'Cj~ iil:B :c U1 p.. "' ... E-q::: '6 Max.J Min. I ~ I Max. I MiD.-:j Av. 
103 I 0 103 2 I 1 I 1.19 0 I 0 I 0 
2 82 I 0 82 3 I 1 I 1. 63 0 I 0 0 
3 35 I 17 32% 52 5 I 2 I 2.95 5 I 2 I 3.05 
4 10 I 35 77 % 45 5 I 2 I 2.45 3 I 1 I 1.62 
5 1 I 15 93 % 16 7 I 3 I 4.00 5 I 1 I 2 
6 8 I 4 33'1s% 12 15 I 4 I 8.54 10 I 3 I 5.5 
Total 239 I I I I I 
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vf either the first or second instal's was placed on a single po-
tato leaflet, no hopperburn developed as a result of its f eeding, 
if it was r emoved before the third stadium was r eached. Thir-
ty-two percent of third instal' nymphs produced this disease 
in two to five days, with an average of 3.05; 77 percent of 
those in the fourth stadium produced it in one to three days, 
with an average of 1.62; and 93 percent of those in the fifth 
stage produced it in one to five days, with an average of two. 
In other words, one nymph feeding on a potato leaflet pro-
duced hopperburn in over 95 percent of the cases observed. As 
a matter of fact, out of several hundred colonization tests, bnt 
two or three individuals failed to produce symptoms of this 
burning. On the other hand, only 33 per cent of the adults pro-
duced it and with these the incubation period was greatly 
lengthened, in one instance being as long as 10 days. Hence, 
the fifth instar was more apt to produce hopperburn than any 
of the others, but owing to its longer stage of development, 
the average incubation perio d, was slightly longer than for the 
fourth instar. 
EFFECT ON POTA-
TO LEAVES PRO-
DUCED BY 
OTHER IN-
SECTS 
To test the i n-
jurious effects 0 f 
other insects on po-
tato leaves, plants 
were caged with 
buffalo treehopper 
n y ill P hs (C C1·esa 
bttbalus F a b. ), 
s 0 m e w i t h tar-
nished plant bug 
adults ( Lygt~s pra-
t e n i s Linn. ), or 
with aphids (Mevc-
rosiphl~m solani-
[olii Ashm. ) and 
others with fi e a 
b ee tI e s (E pit1-iX 
cttcnmeris H a r .). 
Each of these in-
sects produced a 
typical form of in-
jury that in no 
'1 
Fig. 11. n:a.sram showin g relationship of hopperburn i n~ 
cuhatlon to m etamorphoris of E'lft-poasca '1nc~li. 
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way resembled hopperburn. Buffalo treehopper nymphs 
girdled the stems of the plants, causing the entire tips to bend 
over and wilt. Tarnished plant bugs collected at the tips of 
the plants and caused a wilting and death of this part. Aphids 
at first produccd no injury, but when the colony incrcased in 
numbers, the plant first yellowed and then died. Flea beetles 
at first ate the typical round holes in the leaves and then, when 
more were introduced, cleaned off the entire leaf epidermis, 
killing the plant. In England, Horne and Lefroy (34) tested 
out the effects produced on potato leaves by the feeding of red 
spider (Tetranych7~s t elarius Linn. ), white fly (Alet~rodes 
vaporm-ittrn Westd.), aphis (Rhopalosiph7t1n solani Theob.), 
cicadellids (E1tptenlX atrop1tnctata Goeze) and (Chlorita viri-
d-nla Fall. ) and mirids (Lygns pabnli1ws Linn. ) and (Calocoris 
bipunctatus Fabr. ) . In their descriptions the injury produced 
by these forms was not co:nparable to the burning caused by 
Ernpoasca mali LeB. 
As a result of tests in the insectary to determine more defin-
itely the relationship that existed between Empoasca mali and 
bopperburn, certain peculiarities of this disease were discovercd. 
Under these conditions this leafburn was never produced unles<; 
the above species of leafhopper was present and feeding from 
the plant tissues. Other insects did not pr cduce injury that was 
in any way similar to this f crm 0f foliage bumin;::·. All stages 
of the potato leafhopper transmitted a poison that usually re-
acted upon the plant tissues causing the hopperburn. In the 
first two instal's anG, in the adult stage, this toxic substance was 
either not so virulent as that present in the last three nymphal 
stadia, or elsc there was not so much of it. The rapidity of 
the development of the disease and its severity was also depend-
ent upon the number of leafhoppers present. Furthermore, 
the poison that produced the diseased condition normally was 
not carried from one part of the plant to another either by the 
natural movement of plant materials or by its own means. In 
this respect it cliffered from some other plant diseases carried 
by insects and in partic11lar from the curlvlcaf disease of sugar 
beets, the causal agent of which is transmitted by the beet leaf-
hopper (E7dcttix tel1clla Baker). The writers venture a tenta-
tive explanation that hOplJerburn is due to some specific enzymic 
secretion from the insect itself and is not parasitic in origin. 
ARTIFICIAL PRODUCTION OF HOPPERBURN 
In 1920 and 1921 attempts were made to produce hopperburn 
artificially first, by mutilation of the leaf tissue with various 
instruments; second, by the injection of dilute poisons into 
healthy leaves; third, by inoculations with solutions prepared 
411 
from hopperburn diseased tissue; and lastly by inoculations with 
crushed leafhoppers in water. 
EFFECT OF MUTILATION OF POTATO LEAVES 
Comparing the results of these experiments carried on dur-
ing 1920 and 1921, it was noticed that the results in the former 
year, when the leaves were mutilated in May, were almost. 
uniformly negative. 'rhe next year, when the tests were made 
during July, injury often resulted. Temperature conditions in 
the greenhouse where these experiments were carried out were 
much nearer normal in May than in July, when the air became 
very hot and dry. Furthermore, it was noticed that the first 
signs of burning appeared suddenly on different plants on the 
same day. This was on Jnne 9, in 1920, and July 25, in 1921. 
Possibly some abnormal change in temperature or humidity 
occurred on this date and this was the real cause of the sudden 
appearance of burning. 'l'he fact that some check leaves showed 
this type of injury seems to substantiate this conclusion. 
The writers have repeatedly observed similar small brown 
areas on leaves that were not mutilated in any way and believe 
that under the abnormal conditions which are present in the 
greenhouse, the older leaves on a plant are very apt to show 
these. Therefore, they feel that they have not succeeded in pro-
ducing any injury which is at all comparable to hopperburn by 
mutilation of the leaves, and that this is certainly not produced 
by mere mechanical injury following feeding or oviposition by 
the leafhopper. 
EFFECT OF DILUTE POISONS ON POTATO LEAVES 
Potato leaves injected with five percent hydrochloric acid or 
with five percent ammonium hydroxide developed serious in-
jury. Within 24 hours after inoculation these leaves were wilted 
and shriveled, but there was no sign of burning. After 
this they dried and the dead areas gradually turned a light 
brown color, but the injury was in no w~y similar to hopper-
burn. Inoculations with 70 percent alcohol often caused injury 
similar to the above. Check leaves inoculated with water 
blanks remained normal. 
POTATO LEAF INOCULATIONS WITH HOPPERBURN TISSUE 
SOLUTION 
On July 18, 1921, a solution was prepared by macerating in 
-water potato leaves showing traces of hopperburn. This liquid 
was then injected into normal leaves. Others were inoculated 
with aqueous solutions prepared from tissues showing advanced 
stages of this disease. Finally, inoculations were made with 
similar preparations from leaves that had been killed by hopper-
burn. Some of these leaves showed a slight browning at the 
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tip July 25, and all showed this same type of injury July 30. 
The injury in this case was identical with that r esulting from 
mutilation and was probably a result of greenhouse conditions. 
However, Eyer (15 ) stated that he had been able to produce hop-
pel'burn in this way, the disease developing six weeks after in-
oculation. 
POTATO LEAF INOCULATIONS WITH SOLUTIONS PREPARED 
FROM E. MALI 
July 19, 1921, approximately 100 Empoasca 'YIwli adults of both 
sexes were collected and macerated in lOcc of distilled and steril-
ized water. Potato leaflets as well as the petiole of a single one 
were inoculated with the liquid drawn off from this solution. July 
25 a scar or lesion was noticed in the mid-vein of each leaf where 
the needle had been forced in. At the same time two of the 
leaves showed decided burning, similar in every way to hopper-
burn, while the third showed this less distinctly. The injury 
increased daily and July 30 there was no question but that a 
disease very similar to hopperburn had been produced in every 
case. July 29, 1921, the above experiment was repeated, using 
in these inoculations a solution made from 58 adults of both 
sexes. · Part of the leaves in this test were reinoculated 24 hours 
later by a freshly prepared solution made from 56 adults of 
both sexes. In the latter test a slight burning was produced, but 
this was not as severe as that resulting from the first set of 
inoculations. 
July 19, 1921, approximately 88 nymphs, mostly in the fourth 
and fifth instal's, were macerated in 10cc of distilled and steril-
ized water. Inoculations were made in leaf veins, and also in 
the petioles. Only one of these leaves showed any signs of in-
TABLE XL 1922 INOCULATION EXPERIMENTS WITH EJllIPOASOA MALI 
Date of I Number of I Number. of I Type of Resu!ts inoculation plants used Ino~~~~ons l inoculum 
June 23 1 
. / 4 II 25 adults in 1 positive II 5ee dLt. H , O 3 negative J nne 30 
several II dist. H 2O n 2gativc June 30 
II 25 aduiis in 4 positive 
II 5ee 25 % ale. June 30 
several II 25 % alcohol neg ative 
II June 30 
/1 
25 adults in I 3 positive 
5ee 50% ale 1 negative June 30 
sever-al II 50% alcohol I negative II June 30 
I! 25 nymphs in I negative 5ee 25 % ale. June 30 
4 II 25 nymphs in I negative II 5ee 50% ale. June 30 
4 II 25 nymphs in I negative 5ee dist. H 2O June 30 
! 
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jury, and on this there was a small brown area at the tip. 
However, in all cases, there was a distinct lesion produced at 
the point where the needle was forced in. Here the tissue 
sl~cmed to collapse and the mid-vein became distorted. In d,ried 
specimens these lesions were very noticeable, showing that the 
nymphs must have contained some toxic substance. Injection 
of check leaves with water blanks failed to produce injury. 
In June 1922, a second series of inoculations was maGe. 
e table XI). In certain cases positive results were obtaine(l 
but in most instances no disease was produced. Symptoms close-
ly resembling hopperburn resulted seven day'! after injections 
with inocula prepared from the adults. When nymphs were 
used, the results were negative. 
In general, it may be said that the inoculation experiments 
/lid not confirm leaf colonization tests, because in every case 
injury resulted more often and was more severe with inocula 
prepared from adults than from nymphs. These results did 
not agree with those of Eyer (15, 16), who found inocula 
prepared from nymphs to be the more virulent of the two. How-
ever variable the results were, they indicated that there was 
some specific substance in the insect's body that could be dis-
solved in either water or dilute alcohol by maceration, and that 
if enough of this was injected into the vascular system of the 
leaf, a form of injury often resulted which closely resembled, 
and perhaps was identical with, that produced by the feeding 
of the insects themselves. 
INFLUENCE OF CLIMATE AND SOIL UPON DEVELOP-
MENT OF HOPPERBURN 
FIELD TESTS 
Before the leafhopper was known definitely as the principal 
cause of hopperburn, it was commonly assumed, as stated before, 
that this was due to soil and climatic factors which were un-
favorable to the potato plant. In order to ascertain what influ-
ence, if any, such factors would have, a study of the relation of 
temperature, humidity, and sunshine to the development and 
progress of hopperburn was taken up in 1920 and then con-
tinued for three years. 
T ernperatltre. In order to determine whether or not hot 
weather had any bearing on this matter, records were kept for 
three years and curves plotted showing the maximum tempera-
tures and percentage of hopperburn. The data is summarized 
in the correlation chart shown in fig. 12. In general the 
amount of burning increased with the rise in temperature. In 
the vicinity of Ames, this disease began to be noticeable in 
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Fig. 12. Diagram showing percent of hopperburn in 
comparison with mean maximum temperature at 
Ames. Iowa. for years 1920. 1921. and 1922. The dots 
represent daily percent of hopperburn. 
June and increased 
steadily in severity 
thruout July. This 
was coincident, as 
shown, with the de-
velopment of the first 
brood of leafhopper 
nymphs. If the vines 
were not killed out-
right in July, tlwrc 
was a slight decline 
in the percentage of 
burning during Au-
gust due to the fact 
that most of these in-
sects were matured 
by that time. During 
this period, the tem-
per a t u l' e curve 
reached its peak some 
time during July and 
from that point de-
clined. The apparent 
correlation between 
hi g h temperature 
and hopperburn was 
due to the effect of 
this upon the devel-
opment of the leaf-
hoppers. 
As shown in Part I, page 390, the optimum average tempera-
ture for development was 85°F. The nymphal period was 
shortened considerably during the hot weather of July. During 
this month the incubation period was ten days or even less, and 
in four days the nymph developed to the point where it pro-
duced burning. Furthermore, the activities of the females were 
greater and more eggs were laid in a given period. As a result 
more nymphs were present on the vines and this again shortened 
the in(Jubation period of the disease, for it has been shown 
that the greater the number of these insects on a plant, the 
quicker burning develops. Thus the vines were literally swarm-
ing with nymphs which soon reached the stage where they 
produced burning, and the virulence of their attack was there-
fore increased. At the same time development of the potato 
plant was checked. In the cooler part of the year, 14 days 
elapsed between oviposition and eclosion. Following this, ten 
days intervened before the insect reached the third instal' which, 
I 
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as shown, is the stage at which a single insect can produce the 
disease. 
Contrast the 24-day interval which elapsed during the cooler 
part of the year before the first symptoms of burning could de-
velop after oviposition, and the 14-day period in July. Other 
factors also entered in. With lower temperature\ growth of 
the potato plants "vas more normal and an abundant supply of 
leaves was being constantly furnished to offset partly the loss of 
leaf surface due to hopperburn. Also during the cooler summers, 
or later on in abnormally hot seasons, lower temperatures often 
accompanied by rains fostered the development of an epidemic 
fungus disease which destroyed thousands of the nymphs and 
adults. Increased temperature therefore may indirectly in-
crease hopperburn due to greater activities of the insect con-
crned and also to decreased vitality of the potato plant. 
Httmidity: Along with high temperatures, excessive dry-
ness has been said to aggravate burning. Therefore the eff~ct 
of this factor was also studied for the period mentioned,. The 
humidity records were taken with an hygrograph and checked 
with a sling psychrometer. The lack of correlation between 
minimum humidity and percent of hopperburn for this time is 
shown in fig. 13. However, in 1920 the humidity was consid-
erably lower during the late stages of the hopperburn epidemic 
than it had been before. This did not hold true in 1921 and 
1922. 
Sunlight: In addition to the two foregoing factors, the 
effect of sunlight on the development of this disease was also 
studied and records of the amount of this wcre taken with a 
sunshine recorder during the years 1920-21. Fig. 14 shows the 
lack of correlation between the amount of sunlight and percent-
age of hopperburn. In this chart, the line AB was arbitrarily 
chosen as the division between slight and severe burning. In 
the same way CD is the dividing line between partly cloudiness 
to fair above and, partial to absolute cloudiness below. 0 is the 
point of thrir intersection. Most of the dots fall in the triangle 
AOD which represents high percentage of injury coupled with 
partly cloudy to fair weather. During the months of June, 
July and August there were only two days of total cloudiness 
at Ames. in 1920-21. Most of the d,ays were partly or entirely 
clear. This data therefore showed no correlation between per-
centage of sunshine and hopperburn, but merely indicated that 
during the period the records were taken, fair weather prevailed. 
TESTS IN THE INSECTARY 
At the same time that field data were being taken concerning 
the influence of climatic factors upon the development of hop-
'77·F. is the optimum temperature for growth of the potato plant. 
Fig. 13. Diagram showing percent of hopperburn 
in comparison with mean minimum humidity at 
Ames, Iowa, for the years 1920, 1921, and 1922. The 
cots represent daily percent of hopperburn. 
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TABLE XII. EFFECT OF TEMPERATURE ON INCUBATION PERIOD OF 
HOPPERBURN 
Number of days / 1 1 / 1 1 
incubation period .. 3 4 5 6 8 9 1 10 1 11 
~~:~a~:~;!;:~re F. / 72/76.16 / 77.6 1 77.52 1 78.42 1 76.65 172. 8 1 76.4179.27 
Number of records .. 1 2 1 9 1 22 1 15 1 4 1 9 1 2 1 2 1 1 
perburn experiments were also being carried out to determine 
this in the insectary. In addition to testing out the effect of 
temperature, humidity and sunlight upon the production of this 
disease under glass, potato plants were also grown under differ-
ent soil conditions to determine what influence, if any, this 
would have. 
'l'en/,pemtuj·e : When testing the influence of the nymphs on 
the production of hopperburn, temperature recordEr were taken. 
Recording thermometers showed distinctly that there was no 
direct relationship between incubation of hopperburn and tem-
perature (table XlI ) . It must be borne in mind, however, 
that this disease was produced only when the nymph reached 
the third instal'. 'l'herefore, as temperature shortened or 
lengthened the time spent in the first two stadia, a corresponding 
variation in the incubation of this disease resulted. Thus, as 
stated before, indirectly temperature had a very important bear-
ing on the production and rapidity of the development of this 
burning, but only as it affected the metamorphosis of the 
nymphs. 'rhe optimum temperature for the development of 
the nymph which is 85°F. is therefore also the optimum tem-
perature for the production of hopperburn . 
. July 29, 1920, a series of tests were started in the greenhouse 
to determine the effect of the potato leafhopper on the plant 
under different conditions of soil, humidity, and sunlight. 'rhese 
potted potato plants, which were of the Early Ohio variety, were 
all healthy and were caged with an equal number of leafhoppers, 
50 adults and 50 nymphs being introduced into each cage. 
Daily observations were made and careful examinations con-
ducted on August 6 and 10 respectively, the experiment being 
concluded on the latter date. 
Httmidity: '1'0 test the influence of high humidity on the 
production of hopperburn, a number of plants were kept under 
glass globes over the tops of which panes of glass were placed 
to prevent evaporation and thus to keep the air surrounding 
the foliage in a water-saturated condition. All were placed in 
direct sunlight. Individual plants from each were caged with 
leafhoppers. Hopperburn began within 24 hours after the 
insects had been colonized on the vines and increased in severity 
each day. At the time the experiment was closed, it was no-
ticed that the burning on the vines kept under bell jar conditions 
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was not as severe as in the other cases and was somewhat ob-
scured by physiological injury due to abnormal conditions. The 
slight decrease of injury was due to the fact that many of the 
leafhoppers were drowned in the drops of water collecting on 
the sides of the glass globes and that others were killed because 
of the abnormally high humidity. However, enough survived 
to produce typical injury. Check plants showed no sign of 
hopperburn. This test indicated that retarded leaf transpiration 
or air saturated with moisture will not check hopperburn pro-
vided leafhoppers are present. 
Sunlight: In another series, the experiments were devised to 
show the influence of sunlight on the production of hopperburn, 
to test whether its absence would prevent or change the type of 
injury caused by the leafhopper, or whether its presence would 
increase the burning on plants as compared with those kept 
in the shade. Certain plants were kept on a bench in the 
greenhouse under a glass painted a dark green, the vines being 
in this artificial shade at all times of the day. Others were 
kept in direct sunlight. Individual plants in each series were 
caged with the leafhoppers. Hopperburn began on all of these 
within 24 hours and increased daily. At the time the experi-
ment was completed, all vines exposed to leafhopper attack 
were dead or nearly so, while the others were perfctly normal. 
Hopperburn developed just as readily and as severely on those 
kept in the shade as it did on those in the sunlight, provided 
leafhoppers were present, showing that sunlight was clearly not 
a direct factor in influencing hopperburn. 
Type of Soil: One series of these plants growing in sand and 
another in loam were placed on a bench where they were in 
direct sunlight during the greater part of the day. Individual 
plants in each series were caged with leafhoppers. Burning 
began within 24 hours on those exposed to the insects and in-
creased daily until they were badly injured at the close of 
the experiment. All check plants remained perfectly normal 
thruout the test. Potato vines growing in loam burned just 
as badly as those in sand, the type of soil having little or no 
influence on the final results. 
Soil rnoistt£1"c : In the last phase of this experiment, a num-
ber of plants growing in loam were placed in pans of water, 
thus insuring a constant saturation of the soil with moisture; 
some were only watered occasionally and enough to keep them 
from wilting too much, while others were kept in normally 
moist soil. All were placed where they were exposed to a maxi-
mum amount of sunlight. Plants were selected from each ser~es 
and caged with leafhoppers. Burning developed within 24 
hours and increased daily on all those exposed to the insects, all 
I 
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these vines being bad.ly injured with this disease at the time 
the experiment was finished. Excess of soil moisture did not re-
tard the burning, nor did lack of it increase the injury, there 
being no difference in the amount of hopperburn on the leaves 
under these different soil moisture conditions. Check plants 
were perfectly healthy when the experiment was closed. 
The data thus obtained from the insectary experiments con-
cerning the influence of climatic and soil factors upon the devel-
opment of hopperburn corroborated field observations, namely: 
that if Ernpoasca mali is present, hopperburn will develop re-
gardless of what the environmental situation may be, and that 
climatic or soil factors have little or no influence except as 
they affect the vigor of the plant and the metamorphosis of the 
insect. 
INFLUENCE OJi' CULTURAL FACTORS UPON DEVELOP-
MENT OF HOPPERBURN 
During the writers' several years' experience with Ernpoasca 
mali as a pest affecting potatoes, an apparent variation in sus-
ceptibility of different varieties of this plant to its attack was 
observed. Therefore, a series of tests was carried out in 1922 
at Ames, to ascertain first, the effect of the time of planting 
upon the ckwelopment and severity of hopperburn; second, the 
comparative degrees of so-called "resistance" of differ en t kinds 
of potatoes to this disorder; and last, the fundamental causes 
of this variation. 
DATE OF PLANTING 
In one field, Early Ohio, Bliss Triumph, Green Mountain, 
Irish Cobbler and Rural New Yorker types were planted at two 
different dates, namely: April 26 and May 8. Rows of the first 
three varieties were also planted June 7, thus making a ,total 
of three separate plantings in this plot. As soon as hopperburn 
began to be noticed, counts were made at regular intervals until 
August 9, in order to determine the daily progress of the disease 
in the different rows. To accocnplish this the relative number 
of leaves that were diseased, as "veIl as the average amount of 
burning that they showed, was taken into consid.eration. 
'l'he curves shown in rg. 15 illustrate the development of 
burning on the three plantings of Early Ohio. From ,Tune 30 
to July 10, the plot planted in May had slightly higher average 
than that planted in April, altho the difference was not marked. 
However, after this time the amount of injury to the latter 
was considerably higher and a glance at the graph shows that 
the earliest potatoes suffered decidedly more from this disease 
than the latest. 
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'1'he relative degree of foliage injury to this plant caused by 
hopperburn at anyone time does not necessarily forecast a 
correspondingly decreased yield, because of the following facts. 
The date at which this disease appeared on any potato plant 
depended upon several factors not the least of which was the 
incubation period of the leafhopper eggs, plus the time neces-
sary for these insects to develop to the third instal', which as 
stated before, was the stage at which this species was capable 
of producing the first symptoms of burning. As females seldom 
oviposited to any great extent in very young plants it can be 
easily seen why the date of planting had such an important 
effect on the appearance of burning. Late potatoes, or those 
which grew rather slowly, did not develop to a size suitable for 
oviposition until after the greater part of the spring brood eggs 
had been laid. Thus they showed little hopperburn early in 
the season. However, many of these varieties did not necessar-
ily out yield the others, because they did not start tuber pro-
c1,uction until rather late. When this disease developed because 
of the second brood of leafhoppers, it came at a critical time 
in the development of the plants and cut down the yields, just 
as it did with the early varieties. 
VARH}TY 
Varietal susceptibility is well shown in figs. 16 and 17 rep-
resenting April 26 and May 8 plantings, respectively. In the 
April plot Bliss Triumph was easily the most susceptible 
variety. Cobbler was next in percentage of burning until July 
31, when the comparative amount of this dropped below that 
of both the Rural and Early Ohio types. The two latter vari-
eties showed much less injury than either Triumph or Cobbler 
up to this date, but later developed serious burning. 'fhis was 
especially true with the Rurals usually supposed to be the 
most tolerant to leafhopper attack. Green Mountain potatoes, 
altho showing more injury than either Ohio or Rurals, in July, 
dropped below these during the latter part of this month and 
in August. Finally, on August 9, at which date the experi-
ment was finished, Rural New Yorker showed the greatest amonnt 
of hopperburn, Irish Cobbler the least, with Bliss 'l'riumph, 
Early Ohio and Green Mountain ranging between these two 
in the order listed. 
A glance at fig. 17, which represents percentage of hopper-
burn in the May planting of the five varieties, shows a consider-
able difference from the above in the comparative susceptibility 
of these to this disease. Bliss Triumph was the most susceptible, 
followed by Irish Cobbler, Early Ohio, Green Mountain and 
Rural New Yorker. The latter showed an increase over Green 
Mountain during late July. However, before and after this 
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period it developed less burning than any of the others. In the 
April planting this variety showed 77.5 percent of burning on 
July 31, while on this date the rows planted in May were only 
nine percent injured. These observations also indicated how 
greatly the time of planting influenced degree of hopperburn 
on anyone variety. Comparative tolerance for this disease, as 
represented by these figures illustrating percentage of foliage 
injury, meant a correspondingly increased yield, other condi-
tions being equal. }j'rom the curves shown in fig. 17, which 
represents more closely the actual comparative susceptibility of 
the different varieties to this disease as found thruout Iowa, it 
is seen that Cobbler was less tolerant than Early Ohio in this 
experiment. However, so far as these two kinds of potatoes 
were concerned, the former usually out yielded the latter in 
field tests. 1'his suggested the possibility of inferior seed in 
these rows. 
In another plot yield tests were made with several varieties 
planted at different times, this being used as an index to the 
relative susceptibility to hopperburn. The average production 
of the different kinds in relation to time of planting is shown 
in table XIII. In addition to the two dates mentioned, a third 
plot was planted June 14, but there was practically no yield 
from these rows. The Early Six Weeks variety from Montana, 
gave the highest yield, but it is premature to draw conclusions 
with only one row as a basis for this. However, these plants 
were unusually large and thrifty and stood up remarkably well 
under a very heavy hopper infestation. Irish Cobbler ranked 
second, showing less hopperburn than Early Ohio, altho the 
plants finally succumbed to this disease a few days later. Rural 
New Yorker (plate IV, fig. 1) was especially tolerant, having the 
least amount of hopperburn of any variety in the field. In 
yield, two strains of this variety ranked third and fourth. The 
April 18 planting of Early Ohio stood fifth, altho a part of this 
plot was under a straw mulch and therefore yielded higher 
than normally according to Erwin (14). Then followed Early 
Ohio (Montana strain), Bliss Triumph and the May 9 planting 
of Early Ohio. 
TABLE XIII. AVERAGE YIELD OF DIFFERENT VARIETIES 
Variety I Numbet I 
of rows 
Early 6 Weeks (Mont.) . ........... 1 1 
Irish Cobbler ..................... 1 4 
Rural (Mont.) . ................... 1 2 
Rural (Colorado) .. . ..•.... • ....• . 1 4 
Early Ohio ...................•.... 1 15 
Early Ohio (Mont.) ...... . ...... • .. 1 2 
Bliss Triumph .. ................. '1 2 
Early Ohio .................•.. . .. 3 
Total 
yields 
102 lbs. 
335.5 lbs. 
163.6 lbs. 
316 lbs. 
1179.6 lbs. 
148.75Ibs. 
128.1 lbs. 
160.25Ibs. 
I Av~rage I Dat~·~ Yleld . per row plantIng 
102 lbs. 1 May 9 
83.87 lbs. April 18 
81. 8 lbs. May 9 
79 Ib3. May 9 
78.6 lbs. April 18 
74.37Ibs . May 9 
64.07 lbs. April 18 
53.4 lbs. May 9 
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TABLE XIV. INCUBATION PERIOD OF HOPPERBURN ON FIVE VARIETIES' 
OF POTATOES 
Variety 
Cobbler .. ............ ... 1 
Rural .................. . 
Green Mountain ... ... . [ 
Early Ohio .............. 1 
Triumph ..... ..... .... • .. 1 
Maximum 
11 days 
11+ days 
10 days 
7 days 
8 days 
Minimum 
3 days 
3+ days 
4+ days 
4 d·ays 
3 days 
Average 
5.3 days 
5.3 days 
6.15 days 
5.58 days 
5.23 days 
N umber of tes ts 
13 
20 
19 
12 
13 
VARIETAL SUSCEPTIBILITY DUE TO HOST SELECTION 
In order to determine whether or not there was some inherent 
resistance in different varieties which might also be responsible 
for this variation in susceptibility, a series of tests was carried 
out in the greenhouse with the five varieties listed in table XIV. 
In this experiment a single first instar nymph that had just 
hatched, was confined to an individual leaflet. The incubation 
period for the disease when produced under these conditions 
ranged from 3 to 11 days, both extremes resulting from 
nymph colonization on Cobbler leaves. The average for this 
phase for all varieties was about the same, namely, from five to 
six days. As all these tests were carried out at the same time, 
temperature or other factors did not enter in. In view of the 
rather marked difference exhibited by these varieties under 
field conditions, the slight variation in the length of the incuba-
tion period as shown in these tests was remarkable. Especially 
was this true when it was noted that Rural New Yorker seemed 
to be the most susceptible and Green Mountain the most resis-
tant. This was at variance with the usual behavior of these 
under field. conditions. It was noted at the time that a large 
succulent leaf was slow in developing symptoms of burning. As 
the Rural New Yorker leaves in general were smaller than any 
of the others, and while those of the Green Mountain were larger 
and more succulent, it is evident that the size and succulence 
of the leaf on which the nymph is feeding was a determining 
factor. In one instance the insect developed thruout to matur-
ity without producing any signs of burning. It was colonized 
on an unusually large and succulent leaf of the Cobbler type. 
SUMMA:RY 
Summarizing the above experiments concerning the effect of 
cultural factors upon the development of hopperburn, it was 
found that date of planting had a decided influence upon the 
development of hopperburn. This was due to the fact that the 
female leafhoppers preferred partly grown plants for oviposi-
tion and were not attracted at the time of the spring flight to 
smaller vines which had developed from tubers planted later. 
Comparative tolerance for the disease was shown to be 
greatest in potatoes of the Rural New Yorker type, followed by 
Fig. 1. Sprayed plant. Fig. 2. Check plant. 
Plate III. Average representatIve Early O!1io potato plants taken from row sprayed twice with 4-4-50 bordeaux and from check 
row to show beneficial ·actIon of this spray on foliage in preventing hopperburn. Potatoe3 planted April 18, photographed 
July 13. 
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Fig. 1. Rural New Yorker planted May 9. 
Plate IV. Comparative susceptibility of Early Ohio and Rural New Yorker 
potatoes to hopperburn. 
Fig. 2. Early Ohio planted May 9. Com-
pare with fig. 3. 
Fig. 3. Early Ohio p lanted June 6. Com-
pare with fig. 2. 
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Green Mountain, Irish Cobbler, Early Ohio and Bliss Triumph 
in the order listed, the last named variety being the most sus-
ceptible to attack by the leafhoppers. The rate of development 
01' hopperburn on individual leaflets was determined by the 
size and succulence of the leaf, and not by any inherent resis-
tance. Instead, the prevalence of hopperburn on anyone of 
the above varieties of potatoes was a matter of host selection! 
by the ovipositing females. 'rhese preferred a rapidly growing 
succulent plant such as Bliss Triumph. Relative freedom from 
this disease depended upon comparatively slow and continuous 
growth coupled with abundance of leaf surface as exemplified 
by the variety Rural New Yorker. This variety usually showed 
a comparatively small amount of hopperburn when planted at 
a favorable date. First, because it did not attain a size suitable 
for oviposition early in the season when the majority of spring 
brood eggs were laid; second, because the leaves and stems 
were comparatively tough due to slow growth of the plant, 
this being another factor unfavorable for oviposition; third, 
its long growth period and tendency to branch out enabled the 
plants to put forth a continuous new growth for some time 
which often counterbalanced loss of leaf surface due to hopper-
burn; and fourth, tuber production by this variety came between 
the main bulk of the first and second broods of the leafhopper. 
PART III-CONTROL 
HISTORICAL 
Osborn (45) in discussing Empoasca mali as a pest affecting 
potatoes described in detail the method used to control this 
pest at that time. Kerosene emulsion was the insecticide used 
and two applications were made a few days apart early in July. 
A. home-made spray boom fitted for spraying four rows at a 
time was devised and arranged so that the insecticide was di-
rected forward and a little downward. 'rhe effectiveness of the 
treatment was increased by suspending a narrow board from 
the rear -of the wagon which was carrying the spray pump. 
This was hung low enough to brush over the tops of the four 
rows being sprayed and disturbed the plants causing the adults 
to fly into the midst of the spray and also exposed many of the 
nymphs which were on the underside of the leaves so that they 
were hit and killed. Good control of the pest was reported. 
Ball (3, 4, 5) who was associated with Osborn while the 
latter was conducting the above tests with kerosene emulsion 
for the control of this insect, recommended a 7 or 8 percent solu-
lKotiia. Michigan Technical Bulletin 56. 1922. states that oViP08lting femalee prefer 
plants showing mosaic Symptoms. 
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tion of this insecticide and also the use of nicotine sulfate di-
luted with soapy water or added to bordeaux mixture. 
Fluke (23) tested out bordeaux! and nicotine sulfate2 sprays 
for the control of this pest in Wisconsin. He found that in the 
plots treated with the former solution little hopperburn was 
present and few leafhoppers. On the other hand the nicotine 
spray failed to give relief from the disease. He suggested the 
possibility that bordeaux mixture repelled the leafhoppers. 
Parrot (49) tested out 4-4-50, 5-5-50, and 4-4-50 excess lime 
bordeaux mixtures as well as a china clay solution for the control 
of this insect in New York. All of these preparations gave 
protection but of them the lime-bordeaux and china clay solu-
tions gave the best results. '1'he former caused injury to the 
foliage while the latter washed off easily in rainy weather. 
The senior author (17) tested out the effect of several bor-
deaux formulffi and a milk of lime mixture upon the ovipositing 
females. These preparations were used both with and without 
the addition of nicotine sulfate at the rate of 1 to 800 parts. 
In all cases very few eggs were laid in the sprayed leaves by 
the females. However, these had access to unsprayed leaves at 
that time and they showed a decided preference for oviposition 
in these. There was also the possibility of egg laying in the 
sprayed leaves, the ova not hatching owing to some ovicidal 
action of copper in the bordeaux. However, the fact that no 
nymphs hatched from plants treated with milk of lime solution 
seems to preclude this. 
The authors (20) reported on more extensive tests in which 
the above experiments were repeated and in addition female 
leafhoppers were confined with plants completely covered with 
the spray. In the latter case a few eggs were apparently laid 
in sprayed leaves but only in those imperfectly covered with 
the spray or in the unfolding bud which was also not completely 
protected. Even under these conditions very few hatchings 
from sprayed leaves were recorded showing that the mixture 
either repelled the ovipositing females or acted as an ovicide. 
During this same year the "'Titers reported on preliminary 
tests which indicated that bordeaux mixture was toxic to the 
nymphs but not to the adults. 
SPRAYING EXPERIMENTS 
Control experiments were started in 1919 but were not de-
veloped until 1920 when more was known about the life history 
of the insect. The following tests are described in chronological 
order to show the developments that took place from year to 
year as the different spray compounds were tried out. Three 
'4·4·50. 
'2Scc to 5 gal •• 
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methods were used to determine the effectiveness of any insect-
icide as a control for the leafhopper, namely: comparative 
nymph counts, percentage of hopperburn, and yields. The first 
two were valuable when small plots were used, while the latter 
was relied on only when the tests were on a field basis. 
SPRAYING TESTS FOR 1919 
During 1919, owing to the fact that a small compressed air 
sprayer and a barrcl pump were the only available spray outfits, 
the plots were necessarily small. Also some of these were lo-
cated at the ec"ge of a largc potato field where they conld be 
quickly reinfested after the insecticides were applied. The re-
sults on the whole were very unsatisfactory so far as control 
of the leafhopper was concerncd, even when three sprays were 
applied at intervals of four to seven days respectively as in 
plot C (table XV). At most, but temporary relief was se-
cured and counts made after spraying showed that enough 
nymphs survived to cause considerable burning. 
SPRAYING TESTS FOR 1920 
During 1920, at Ames, a total of 12 individual plots of about 
100 plants each and separated from each other by several rows 
of corn were sprayed with whale-oil soap-nicotine sulfate solu-
tion (11/~-9-50) \ kerosene emulsion (6 percent) and bordeaux 
mixture-nicotine sulfate (4-4-50-9)2. 'rhe first two mixtures 
were applied once, twice, or three times respectively to differ-
ent plots, while one plot was treated once with bordeaux, and 
two others twice. 'rhe spraying was done July 2, 16 and 28. A 
TABLL xv. SPRAYING TESTS FOR POTATO LEAFHOPPER CONTROL, 
AMES lOW A 1919 
Num- Date Plot Insecticide ber of 
No. formula appli- of spray- Remarks 
cations ing 
--- --- ----
A Water 10 gallons 1 June 29 No control 
Nicotine sulfate 50 cc. 
Paris green 7 oz. 
Lime 14 oz. 
---------
- Water 10 gallons - - - Average B 1 nymph count 
Nicotine sulfate 100 ce. July 1 per plant after sprayin~ 
Whale-oil soap 3/ 5 lb. 42. Average for check 
166 
gallons 
----~ --J~iy-- Average count C Water 10 3 nymph 
Whale-oil soap 55 grams 3, 7, 14 per plant after first 
spraying 105.4. Average 
for check 281 
- --- '-- -D Water 10 gallons 1 July 8 Average nymph count 
Nicotine sulfate 45 ce. per plant after spraying 
Whale-oil soap :y,. lb. 40.3. Average for check 
134.2 
---
E Water 10 gallons 1 July 10 Average nymph count 
Nicotine sulfate 45 ce. per plant after spraying 
Whale-oil soap :y,. lb. 29.2. Average for check 
134.2 
'1'h lbs. whale-oil soap; 9 oz. nicotine sulfate; 50 gals. water. 
29 oz. nicotine sulfate in 50 gals. bordeaux mixture. 
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TABLE XVI. SPRAYING TESTS FOR POTATO LEAFHOPPER CONTROL. 
AMES. row A. 1920 
~~ ~ ,U> ~i.~ Condition Cond it ion Condition Type of ..0 " 0 of plot of plot . of plot E D..~ 
"' D.~ Plot treatment Z.:~ "" Aug. 12 Aug. 18 Aug. 27 " 0" ..... 0 
--_.-
1 Water 50 gallons 1 Jun~ 30 ..... . . ... .. . ..... Plants 
Whale-oil soap Ph Ib3. dead 
Nicotine sulfate 9 oz. July 28 
---
5a: Water 50 gallons 3 July 2, Burn.ng Badly AlI plants 
Whal e-oil soap Ph lbs. 16, 28 general, burned dead 
Nicotine s ulfate 9 oz. but not 
severe 
-- .. --2-- July 2, More in- But few All plants ----3b 
16 jury than a p lants liv- dead 
jng 
------sc .. - 1- - --July 2 More in- AlI plants jury than b dead 
- -- -
--- ---- ----
~~ 
- .-
4b 
_ .. -
"e 
--5a 
-----sb 
--
5e 
Bordeaux 4-4-50 2 July 2, 
Nicotine sulfate 9 oz. 16 
--
.. .. Jul~ 
16 
.. I J;;I-y-2 
Kerosene emulsion ~ July 2, 
1 pt. s tock of 15 of water 16, 28 
.. 2 July 2, 
16 
-.- ----
.. 1 July 2 
Checks 
In fine 
condition 
.. 
Some burn. 
ing, but not 
severe 
Burning con-
s ideDable 
More burn-
ing than a 
Burn 
moderate 
Severe burn-
ing on all 
check plant3 
In fine Pl·ants go-
condition ng down 
.. .. 
Burning L'_1I plants 
moderato! d : ad 
Badly All plants 
burned .lead 
.. .. 
.. .. 
12-gallon capacity hand spray pump was used and all plants 
were thoroly covered with these preparations. '1'he tests were 
planned not only to Lletermine which of the three insecticides 
was the most effective against the leafhopper, but also to ascer-
tain the number of applications needed for control. Check 
plots were left for comparison. Frequent examinations were 
made to determine the co~parative percentages of burning 
in the different plots as well as the number of nymphs present. 
Yields were taken later, but were not conclllsive owing to the 
small size of the plots. During this 'year the leafhopper was 
not nearly so severe a pest as in 1919. The results are summar-
ized in table XVI. It is seen that of the three insecticides 
used the bordeaux-nicotine sulfate combination was by far the 
best. '1'hree applications of either the kerosene emulsion or 
the nicotine sulfate-whale-oil soap combination gave at best 
only temporary relief. In contrast two sprayings with bordeanx-
nicotine sulfate solution gave sufficient protection. 
In Mitchell county, which is the center of the potato trucking 
district of Iowa, two fields were sprayed twice with 4-4-50-9 
bordeaux-nicotine sulfate mixture, using a traction sprayer 
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capable of covering four rows at a time. Comparative nymph 
counts, hopperburn percentages and yields all demonstrated the 
effectiveness of this spray on a field basis. 
SPRAYING TESTS J<'OR 1921 
In 1921 further spraying experiments for the control of this 
potato pest were carried out at Ames, and at St. Ansgar, Iowa. 
At Ames small plots were used while at St. Ansgar the control 
measures were tried out on a 20-acre field basis. Green Moun-
tain, Irish Cobbler and Early Ohio varieties were used in the 
tests. Bordeaux mixture (4-4-50) both with and without the 
addition of nicotine sulfate\ whale-oil soap-nicotine sulfate 
combination (1-2-6)2 and kerosene emulsion (1-15)3 were the 
insecticides tried out. The sprays were applied June 17, 28 and 
July 7 and 19. Yields were taken but were not considered con-
clusive. However, the comparative effectiveness of the differ-
ent compounds was determined by leafhopper counts in the 
different plots as well as by comparative hopperburn percen-
tages (table XVII, figs . 18 and 19). 'rhe various factors en-
tering into the consideration of results are rather complicated 
owing to different varieties used, and therefore each type of 
treatment is discussed separately. 
Bordea1~x 4-4-50. Green Mountain was the variety used in 
this experiment and the bordeaux spray was applied once, twice 
and three times respectively to the different plots. The percent-
age of hopperburn on the sprayed plants was lower at all times 
than on those in the check rows, and each additional applica-
tion decreased the relative amount of this. August 29 the 
check plot showed 50 percent injury in contrast to that one 
receiving three applications which was only 12 percent injured 
by this disease. There was no question that the three applica-
tions of bordeaux alone gave sufficient protection to this variety. 
Bordeaux-nicotine st~lfate 4-4-50-8. Irish Cobbler was used 
in this test. Rows of this variety received one, two, three or 
four applications of the bordeaux-nicotine sulfate spray respec-
tively. Altho no counts were made on the check plants, these 
showed much more burning than those which had been sprayed 
and succumbed to the disease much sooner. Cobbler was more 
susceptible to hopperburn than Green Mountain, but in spite 
of this, three applications of the bordeaux-nicotine sulfate spray 
gave good protection. It is doubtful if the nicotine increased the 
effectiveness of this spray in this experiment. 
'8 oz. to 50 gals. bordeaux. 
'Whale-oil soap 1 lb., nicotine sulfate 2 oz., water 6 gals. 
31 part stoev to 15 of water. 
Plot 
~ 
__ b-
--c-'-
--c2-
d 
e 
f 
h 
i 
j 
k 
I 
m 
n 
Check 
Check 
TABLE XVII. SYI:tAYING TESTS FOR POTATO LEAFHOPPER CONTROL, AMES, IOWA, 1921 
Type of Number Date of 
I 
Variety of I Percent of hopperburn 
treat- of appli- applica- potato Tune \ July II July 1 July -TAui~T Aug-:TAug. IAug. 
ment tions tions 24 5 18 129-30 I 5 12 I 20~ 
Bordeaux 1 June 17 I Green Mountain I 23 I 12 I 21 I 20 I 20 I 20 I 26 I 41 4-4-50 
.. 2 June 17. 28 I .. I 20 I 12 I 13 I 14 I 16 I 21 I 29 I 32 
.. 3 June 17,28 .. I 12 \ 8.5 I 10 I 10 I 10 I 8 I 8 I 12 July 7 
.. 4 June 17,28 .. 
\ 
.. I .. II 
.. II .. I .. I .. II -- II 
_. 
July 7, 19 I I I 
Bordeaux nicotine sul- 1 I I I: J II I: I: II fate June 17 Irish Cobbler 33 52 80 II 80 81 75 40 80 4-4-50-8 I I 
.. 2 June 17,28 .. I 20 I 37 I 56 I 22 I 25 I 30 I 40 I 70 
June 17, 28 .. I 21 I 33 I 50 I 41 I 20 I 25 II 20 60 .. 4 July 7, 19 I i I I I 
Dry bordeaux powder 1 June 20 .. 
:-Il-T-I' I I I I I I II I in water July 7, 20 20 21 28 20 I 30 I 50 '05 I 100 
Nicotine sulfate 2 oz. 1 .. I I I I I II I I Whale-oil soap 1 lb. June 17 14 48 13 I 30 I 45 70 \ 85 I 100 6 gals. water I I I 
.. 2 June 17, 28 I .. I 20 I 40 I 50 I 21 I 40 I 60 I 90 I 100 
.. 4 June 17, 28 Early Ohio I 19 \ 25 \ 62 'I 21 I 70 II 50 II DO I 100 July 7, 20 I I 
Kerosene 80/0 1 June 20 .. 1- 31 I 60 I 71 \ 60 I 70 II 90 I 98 I 100 emulsion I I I I 
.. 2 July 1 
.. I 20 I 60 I 75 I 80 I 70 I 90 I 98 1 100 June 20 
.. 3 June 20 Selected Early Ohio "I 30 I 50 I 57 I 58 I 70 II 85 \ 98 I 100 July I, 7 11 I II I "Ji *,. I I 
I Green Mountain I 33 I 52 I 80 I 80 I 81 I 75 I .- I 50 Irish Cobbler I 14 I 40 I 33 I 50 I 50 I 60 I 75 I 100 
~ 
C>:I 
C>:I 
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Fig. 18. Diagram showing daily hatching record from plant syrayed with 4-4-50 
bordeaux in comparison with count taken from unsprayed plant, Ames, Iowa. 1921. 
Pro'[Yrietary dry bordeaMx powderl. One plot of Irish Cob-
bler, of a different strain than the above, was sprayed three 
times with a proprietary compound of bordeaux mixture. This 
gave sufficient protection at first while the applications were 
being regularly made. La~er, the plants developed serious 
burning and went down sooner than those treated with the 
home-made mixture. rrhe chief difficulty with the brand tried 
was its failure to stick to the foliage during a heavy rain. How-
ever, the plants stood up longer than the checks showing good 
control. 
Whale-oil soap-nicotine sMlfate solt~tion. This mixture was 
tried out again on both the Irish Cobbler and Early Ohio pota-
Fig. 19. Diagram showing average daily hatch-
ing record of E1npoasc(t. 'iJtali from one un-
sprayed potato plant at Ames. Iowa. 1921. in com-
parison with similar counts made from plants 
sprayed with bord€·aux. soap-nicotine sulfate, or 
kerosene emulsion preparations. 
lRecommended to be mixed with water. 
toes. On the former va-
riety one or two appli-
cations were made, on 
the latter four. The 
Ohio was the more sus-
ceptible of the two va-
rieties, but even four ap-
plications failed to give 
relief as the table shows. 
Control was also ineffec-
tive on the Cobblers. 
K erosene e 'In t~ lsi 0 11. 
This mixture was tried 
out on Early Ohio pota-
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toes. An eight percent solution caused serious burning and did 
not give any control. • 
At St. Ansgar, Iowa, a 20-acre field of potate-es was selected 
for treatment. '1'he varieties gTown in this were Green Moun-
tain and Rural New Yorker: '1'he plants were sprayed three 
times with a traction sprayer June 27, July 12 and 25 r espec-
tively, both 4-4-50 self-prepared bordeaux and a proprietary 
preparation of this compound being' used. Both of these spray 
materials gave increased yields there being little difference be-
tween the two in the amount of protection afforded. 'rhere was 
no rain for a ten weeks' period d,uring the critical part of the 
experiment and as a result the proprietary brand adhered to 
the foliage as well as the self-prepared. 
Average yield of field sprayed 3 times ........... . .. 110.8 bu. 
Average yield of unsprayed checks . . . . . . ... . .... . ... 49.5 bu. 
Average yield of Rurals sprayed .................... 122 bu. 
Average yield of Rurals unsprayed..... . ...... . ..... 35 bu. 
Average yield of Green Mountain sprayed .. . . ... . . .. , 89.5 bu. 
Average yield of Green Mountain unsprayed........ 56.9 bu. 
SPRAYING TESTS FOR 1922 
The 1922 spray plots were arranged crosswise of the rows, and 
were larger than those used in previous years. Five. varieties of 
potatoes were used in these experiments and three applications 
were mad,e (table XVIII ) . 'rhree brands of proprietary bordeaux 
powders were mixed with water at recommended strengths and 
tried out in comparison with the self-prepared 4-4-50 formula 
of this mixture. I n the first preparation of the home-made 
bordeaux, the lime used. was of an inferior grade and this pos-
sibly decreased yields in plots treated with this insecticide. 
Check rows were located at various intervals across the field, 
and this fact, together with the care in application and the ar-
rangement of the plots, ' reduced experimental error to a mini-
mum. Comparative yields showed that one proprietary brand 
of bordeaux gave a 48.5 percent increase over the check; next 
TABLE XVIII. SPRAYING TEST·" FOR POTATO LE tI.""'HOPPER CONTROL, 
AMES. IOWA. 1922 
I Number of I Date of Total Av. yield I Percent in-Treatment crease over app!icat~on1 .application yield per plot check 
Pl'opr:e- I June 14·15 1 48.55 % 
t3,ry brand I July 3-5 647 + lbs . 162- I 
"A" Ju'y 27-28 I 
Check 1 109 lbs 109 lbs. 1 
Proprie- I I 
t"l.ry brand 3 1 528 lbo. 132 lbs . I 18.C8% 
"B" 1 I 
Check 1 112- lbs. 112- lb, I 
Proprie- 1 
\ 441 + I tary brand I 110 + 15.99% 
"c" 1 I I 
Check I I 95 + 95 + I 
4-4-50 I 1 432- I 1 20 % 
Check 1 1 87 + 1 - 87+---1---
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in effectiveness came the self-prepared mixture with a 20 per-
cent increa e; and then the two other brands used, with 18 and 
16 percent increases respectively. The sprays were purposely 
applied at long intervals in order to give a thoro trial to the 
sticking qualities of all. Frequent rains after application helped 
in the test. 'fherefore the yields did not represent the actual 
increases possible following treatment with these insecticides 
under optimum conditions. These experiments showed that 
under Iowa conditions such as were experienced in 1922 at 
least three types of commercial bordeaux mixtures were effec-
tive in controlling the leafhopper and preventing hopperburn. 
·Whether they will be as effective as the self-prepared mixture 
in the long run, is still a debatable question. 
INSECTICIDE TESTS 
In preliminary tests it was shown by the writers (20), that 
bordeaux mixture was toxic to the nymphs of Empoasca mali 
Le B. In further experiments, three different combinations 
of self-prepared bordeaux and three types of proprietary mix-
tures of this compound were tested. As shown in table XIX, 
the commercial brands acted somewhat more rapidly than the 
other, but all were toxic without exception. The average length 
of life of the nymphs when feeding from leaves covered with 
these materials varied from two to three days. In contrast 
the checks lived for an average period of one week. Over 500 
individuals of this species were kept under observation on 
sprayed potato leaves, and in not a single instance did one ma-
ture, unless very near the transformation stage when placed 
in the vial. Approximately a sixth of them moulted once, and 
in two cases two moults were observed. The majority d,ied before 
ecdysis. On the other hand a relatively large proportion were 
reared to matm'ity in the vials on unsprayed leaves. 
TABLE XIX. EFFECT OF BORDEAUX SPRAY UPON EMPOASCA /,,[ALI 
NYMPHS 
Number of days insects lived 1 Number 
__ --=Tc:.re=a:.::tm=cn.:.:t __ +..:M=,a=x:::imum Minimum I Average I of tests I 3.12 I 4-4-50 164 
:----
4-4-50 + "Kayso" 5 I 3 .15 I 20 
---------~----~----I 2.95 i 61 8-4-50 
Proprietary 
Brand "A" 
Proprietary 
Brand "B" 
Proprietary 
Brand "e" 
Untreated 
4 
6 ----I" 2.39 1 78 
----;-- 1 2.37 - 1---67--
7 \ 1 \ 2.08 \ 56 
17--1--1--1---7-:-2-4-- 1- - - 6C- -
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TABLE XX. EFFECT OF BORDEAUX SPRAY UPON DIFFERENT INSTARS 
OF EMPOASGA MALI 
Stag.., ......................... 1 1 2 1 3 1 4 1 5 1 6 
Average number of days insects I I I I 
lived on sprayed leaves....... 1.56 1. 7 2.06 2.5 I 2.58 I 4.55 
Control ....................... 1 2 1 2.16 1 3.07 1 3.2 1 3.39 1 5.81 
It was also demonstrated that the five instars varied in sus-
ceptibility to this spray compound, the first succumbing the 
most rapidly, the fifth being the most r esistant (table XX ) . 
Adults appeared to be comparatively immune to this mixture, 
several often living 15 days while feeding from sprayed leaves. 
rfhe effect at this stage was chiefly deterrent. 
SUMMARY OF CONTROL TESTS 
The data from four years' spraying with the insecticides dis-
cussed, showed that the whale-oil soap-nicotine sulfate combi-
nation was entirely unsatisfactory. It gave temporary relief 
by killing 60 to 70 percent of the nymphs on the vines at the 
time of application, but it did not affect many of the adults. 
It neither repelled the adults nor had any action on the thous-
ands of young that hatched from the plants within the follow-
ing 24 hours. Furthermore, usually enough old nymphs escaped 
to continue the production of hopperburn. 'l'he same difficulties 
were experienced with the kerosene emulsion, except that with 
this preparation there was always a possibility of foliage burn-
ing caused by the spray as severe as the hopperburn itself. 
On the other hand, three sprays of home-made bordeaux mix-
ture 4-4-50 formula gave good control. If applied properly 
during June or July at intervals of ten days to two weeks under 
favorable conditions, the thin film of bordeaux remained on the 
plants for some time. Many nymphs that escaped drowning 
when this spray was applied, or hatched afterwards, died as a 
result of feeding from leaves covered with this preparation. 
Furthermore ovipositing females avoided plants sprayed with 
this compound. Nicotine sulfate appeared to add nothing to 
the effectiveness of the spray and only increased the expense. 
Commercial brands of bordeaux mixture were reliable as a 
rule, but they were non-adhesive. They washed off easily III a 
heavy rain and were more expensive. 
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